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IS BELOMANCY 


REALLY THE BEST METHOD 
OF SELECTING MILLING CUTTERS 











Before we go any further, you might 
be glad to know .. . if you haven’t 
already guessed . . . that just as Palmistry 
is the art of predicting events by 
studying the hand, and Halomancy by 
casting dice, so Belomancy is the reading 
of the future using arrows. 


Stocked and distributed in Southern England by 


| A World Review of 
DESIGN € PRODUCTION - RESEARCH & DEVELOPMENT 



















































































Let us now assure you that if there are Milling 
Cutters in your future, then every arrow you 
come across is going to point towards Arthur 
Balfour. There are good reasons, for by controlled 
manufacture from the melt to the finished product, 
Balfour Milling Cutters ensure maximum per- 
formance throughout a long life. 


Just give those arrows a chance to-day .. . You'll pat 
yourself on the back tomorrow. 


ARTHUR BALFOUR 


ARTHUR BALFOUR &CO.LTD. CAPITAL STEEL WORKS 
SHEFFIELD, ENGLAND 
ASSOCIATED COMPANY: THE EAGLE & GLOBE STEEL CO. LTO. 


ALEXANDER S. NEWALL MACHINE TOOL Co. Ltd. MICROTRON HOUSE 


338 CITY ROAD LONDON E.C.1. 


Tel: TERMINUS 0192 
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METALOCK 


COLD REPAIRS TO CASTINGS 







guaranteed repairs and 
immediate countrywide service 
on site — speedily 


at fractional cost 


Telephone area offices for service 




















M * TA L 0 C 4 BIRMINGHAM GLASGOW NEWCASTLE 
(BRITAIN) LTD. Bearwood 2799 City 7203 Newcastle 24808 
BRISTOL LIVERPOOL SHEFFIELD 
Bristol 56014 Central 3820 Sheffield 29361 
GRAND BUILDINGS, TRAFALGAR S@., CARDIFF LONDON WEST CUMBERLAND 
LONDON, W.C.2. tel: Whitehall 8902 Cardiff 29719 Whitehall 8902-5 Egremont 381 
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When smooth 
pre-determined flow 
is essential . 














.. specify David Brown 


ROLOID 


sear pumps 


The characteristics of Roloid Gear Pumps make 
them particularly suitable for low pressure, high 
delivery of any form of liquid with lubricating 
properties. The rate of flow can be pre- 
determined to a remarkably fine degree, due to 
the high, constant efficiency, and the pump 
maintains its performance throughout its long 
life. Factors contributing towards this high 
efficiency are teeth that are accurately cut and 
meshed across the full face of the gear, and 
roller-bearing mounted rotors. But of course 
you expect top standards from a gear pump 
made by David Brown—the acknowledged 
experts in gearing! 

Roloid Gear Pumps are made in a range of 
sizes for deliveries of up to 600 gallons per 
minute, and at pressures of up to 300 p.s.i. If 
your needs come within these limits, consult 
David Brown! 


DAVID BROWN 


An alliance of engineering spectalists in gearing, machine tools, tools, castings, automobiles, and agricultural tractors and machinery 


THE DAVID BROWN CORPORATION (SALES) LIMITED 
GEAR DIVISIONS - PARK WORKS »- HUDDERSFIELD - TELEPHONE 3500 


OA/7345 
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PITMAN BOOKS 


METALLURGY OF THE NON-FERROUS METALS 
By W. H. Dennis, B.Sc.(Lond.), M.1.M.M. 
Second Edition 
This book, written by a practising metallurgist, deals with the extraction and refining of the non-ferrous metals. It covers the 
metals roughly in order of their industrial production, giving first the source, secondly the operations concerned in the extraction 
from the particular mineral or minerals, and finally, the refining of the crude metal. The student metallurgist and chemist will 


find this a valuable handbook, and the clear simple language in the book will appeal to the non-technical man who may wish to 
refer to a book of this kind. 75 - net 


AN INTRODUCTION TO THE THEORY AND PRACTICE OF TRANSISTORS 
By J. R. Tillman, D.Sc., A.R.C.S., and F. F. Roberts, B.Sc.(Eng.), A.M.1.E.E. 
A new work for physicists and electronic engineers at graduate and Higher National Certificate Level. it gives the theoretical 
background of semiconductor and transistor physics and then covers technology, electrical properties of semiconductors, diodes 
and transistors with applications. 57/6 net 

A HANDBOOK OF a PIPEWORK 
By W. L. Martin, A.M.1.Mech 
This book is mainly intended for - an engineers whose knowledge of the subject is not exhaustive and who require a comprehen- 
sive book showing the grades of pipework available on the market and Operating requirements, the need to design a system 
economical both in capital and operating costs and the efficient use of the materials now available. 30/- et 

THE GANTT CHART 

A Working Tool of Management 
By Wallace Clark 
This authoritative book describes the management methods devised by Henry L. Gantt, one of the American pioneers of the science 
of management. 15/- net 


ELECTROPLATING 


A Survey of Modern Practice, Including The Analysis of Solutions 
By S. Field, A.R.C.Sc., and A. D. Weill 
Sixth Edition 
A standard work on electroplating. Comprehensive, well illustrated, and thoroughly practical 
student, the practical plater, and all concerned with the technical side of the industry. 28/- net 
TELECOMMUNICATIONS 
By A. T. Starr, M.A., Ph.D., M.1.E.E. 
This book is written to cover the syllabus for the subject of Telecommunications in the London University Degree. The 
mathematical methods of both Fourier Analysis and Operational Calculus are included and a short account is given of microwave 
and waveguide theory. Fully indexed and profusely illustrated with diagrams, this book is an essential study for examination 
students and it will serve as a valuable refresher course or reference work for practising engineers. 37/6 net 


FROM ALL BOOKSELLERS 


it is an essential guide for the 
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MINIS KefsSanik 


Making it possible to produce isoprene at a 
competitive cost, a new synthetic-rubber process 
has been developed in the U.S.A. by the 
Goodyear Company and the Scientific Design 
Company. In this process, two molecules of 
propylene, a by-product of petroleum cracking, 
are combined to form a_ six-carbon-atom 
molecule called methylpentene, from which a 
carbon atom is then knocked off to give the 
five-carbon-atom molecule isoprene. 


* * * 


A new colorimetric method for the determina- 
tion of copper in boiler feed water has been 
developed by the Hitachi Research Laboratory 
and is reported in the Journal of the Chemical 
Society of Japan for April 1961. The method 
utilizes diphenylcarbohydrazide to give an 
extremely sensitive colour reaction to copper in 
basic solutions, the optimum temperature of the 
samples tested being 30°C and the time required 
for colour development only 10 min. _Inter- 
ference occurs only when, in addition to copper, 
considerable amounts of iron, zinc, and 
chromium are present in the water, though their 
effects can be overcome by the addition of a 
citrate to the sample. 


* x * 


Designated reduced-oxide coating, a new 
method of producing metallic coatings, developed 
at the Armour Research Foundation, involves 
spraying the metal surface with a metal oxide 
and then reducing with hydrogen. The applica- 
tion of the oxide is effected by a flame-ceramics 
process perfected at the Foundation. Studies of 
reduced-oxide coatings utilizing nickel oxide 
have shown that the layer of nickel adjacent to a 
steel base is converted to dense, continuous, and 
pore-free metal. The outer region of the 
coating displays some porosity, but is free from 
long continuous cracks. It is stated that the 
technique should apply to any oxides which can 
be reduced easily, including those of copper, 
nickel, tungsten, iron, molybdenum, and their 
alloys. 

oa * * 


A technique of avoiding distortion of steel 
plate by cutting under water has been devised in 
England by the Consett Iron Co. Ltd. to 
simplify the fabrication of 1500 steel convector 
plates required by acustomer. In this technique, 
the plate, ;3. in. in thickness, was covered in a 
special trough by a }-in. layer of water during 
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WRITE NOW FOR THE 
HALLMAC STOCK LIST 


fithnowledged the 
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ALL YOUR TOOL NEEDS ! 


for 


; 





When buying Engineers’ Small Tools or Hand and Power Tools, why waste time 
dealing with many suppliers of varying efficiency, making fruitless *phone calls, 
complicating your ordering and stock-keeping, and burdening your accounts depart- 
ment unnecessarily, when you can use ONE 100% reliable source? HALLMAC 
can be trusted for all your tool supplies as implicitly as Greenwich is trusted for 
your time-keeping. 

Hallmac carry in stock the United Kingdom’s most comprehensive range of propri- 
etary brands of tools, all carefully selected for their high quality. So that they can 
give immediate answers to customers’ requests Hallmac maintain no less than 23,000 
tool specifications. In addition they can give the famous Macrome Treatment to 
any tools when required. Countrywide distribution and service, making use of every 
available means of general transport (including special deliveries in emergencies), 
ensure all requirements reach you without delay. At Hallmac’s Head Office alone 
over 300 consignments are dealt with daily. 

Let us prove our service to you, as we have already proved it to many leading 
industrial firms of international repute. As a first step send NOW for the latest 
52-page Hallmac Stock List, acknowledged to be the finest in the trade! 


HALLMA€ POOLS LIMITED 
Head Office & Depot: P.O. Box 39, Macrome Road, Wolverhampton. 
Telephones: 52001 (5 lines) & 53015 (5 lines) 
LONDON MANCHESTER GLASGOW 
Suite 413, English Electric House, | 1 Lloyd Road, | Central Chambers, 
Strand, London, W.C.2 Manchester, 19 | 11 Bothwell Street, C.2 
TEMple Bar 3950 Heaton Moor 3255 | CENtral 5066 
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cutting with an oxygen cutting machine. In 
this way, all heat was quickly dispersed, and the 
normal distortion obtained with this thickness of 
material was prevented. Owing to the presence 
of the water, the cutting speed was about half 
that normally obtained with this plate thickness, 
each plate being profiled in about 45 min. 
However, this additional cutting time is con- 
sidered a minor drawback, compared with the 
results which can be achieved in eliminating 
distortion. 


* * * 


Control of the grain size of steels can be 
obtained by the addition of various elements, 
the most widely used being aluminium. It is 
now reported that, following an investigation 
by the British Iron and Steel Research Associa- 
tion to determine the percentages of aluminium 
giving the most effective grain control and the 
optimum method of addition, a supplementary 
conclusion of special interest is that measure- 
ment of the aluminium content constitutes a 
simple method of evaluating the grain size of 
steel and is a reliable, rapid, and less expensive 
alternative to the universally accepted McQuaid- 
Ehn test for the quantitative determination of 
grain size. The McQuaid-Ehn test has the 
disadvantage that a temperature of 925°C is 
required for testing and therefore imposes 
unduly strict conditions for specifying grain-size 
requirements where steels for normal engineering 
and heat-treating applications below this tem- 
perature are concerned. Measurement of 
aluminium content as a guide to grain size 
eliminates this disadvantage and can easily be 
carried out by spectrographic analytical equip- 
ment, which, in any case, is already being 
installed in many steelworks. 


* a * 


It is reported in the Austrian journal, Radex 
Rundschau (No. 4, 1961), that a new precision- 
forging method for turbine blades has been 
developed by Gebr. Béhler & Co. A.G., of 
Kapfenberg. It is stated that the method used 
provides a continuous grain flow from end to end 
of the turbine blades and that such close 
tolerances and excellent surface finish are 
obtained that only final polishing is required. 
The process is inherently economical, but 
greater economy is naturally obtained if the 
components are of complex shape and if high- 
alloy steels which are difficult to machine are 
used. 








TEGHNIGAL 
CONTROL 


FINER, BRIGHTER FINISHES are ensured by 
the advanced techniques developed by our labora- 
tory staff. Frequently, improved production at less 
cost can be effected through A & A experience. 
As Pioneers of Anodising in this country, we have 
established many standard specifications. We can 
also work to specifications of large manufacturing 
organisations. At A & A we have all the facilities 
and specialised equipment to your 
finishing requirements are fulfilled in every techni- 
cal aspect. When it comes to finishing it will pay 
you to consult A & A first! 


ALUMILITE : 
ATLL A 


=o 0 2 
Dept. N - STATION ROAD, LONDON, S.W.19 

Tel.: LiBerty 7641 
MIDLANDS: 20-21 MERIDEN STREET, B’HAM 5 Tel.: MIDLAND 7426 


guarantee 





anodising 

specialists 
for over 
30 years 





PRIORY WORKS - 


THE ENGINEERS’ DIGEST 
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in 35 seconds 


Vauxhall differential side gears 
fully machined for gear cutting, 
on a twin Verticalauto unit linked 

for auto-loading and transfer! 





Ryde J? = does it this way.. 


The Ryder answer to this production problem cuts labour costs to the absolute minimum, by 
using standard machines. The two linked No. 6 Verticalautos make a self-contained automatic 
unit, and four such units can easily be served by one loader. If you have a parallel problem 


calling for a similar cost-cutting solution, then the Verticalauto, suitably adapted, will solve it 
in the most economical way. 


THOMAS RYDER & SON LIMITED, TURNER BRIDGE WORKS, BOLTON, ENGLAND 
about automatics and auto-handling 
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BUSINESS NOTES 


An agreement has been signed between Research and 
Control Instruments Ltd., of London, W.C.1, and 
Sonatest Ltd., also of London, W.C.1, enabling marketing 
in the U.K. of Sonatest ultrasonic non-destructive testing 
equipment to be carried out exclusively by Research and 
Control Instruments Ltd., whose scope is now extended 
to cover a wide range of applications for non-destructive 
testing. 


+ + * 


Sulphamic acid is now being supplied by Albright & 
Wilson (Mfg) Ltd., of London, S.W.1, from the first 
plant in the U.K. to produce this acid in bulk. The acid 
is manufactured by Marchon Products Ltd., anothei 
company in the Albright & Wilson International Chemical 
Group, in a new plant at Whitehaven in Cumberland. 
This plant has been designed and built by Marchon 
themselves, and uses sulphur trioxide from their anhydrite 
kilns on the same site for the production of the sulphamic 
acid. As the only crystalline strong acid in existence, 
sulphamic acid has many advantages over liquid acids, 
but retains all the essential properties. Its most 
important advantages include the ease with which it can 
be transported and stored, the absence of vapour, even 
when heated, and safety in handling. It is especially 
valuable in dyeing processes in the textile and leather 
industries and as a universal cleaner and descaler of 
metals. 


* + 


A new company, Hardie-Ferodo Pty. Ltd., will 
shortly be formed in Australia with an authorized 
capital of £A3,000,000 for the manufacture and marketing 
of brake linings, clutch facings, and other friction materials 
for the automotive and general industrial field. The new 
company is being created by a merger of the Australian 
Ferodo interests of Turner & Newall Ltd., of Manchester, 
and of the brake-lining division of James Hardie & Co. 
Pty. Ltd., of Sydney, makers of ““Hardibestos” linings 
Turner & Newall Ltd. will have a substantial minority 
holding in the new company, which will be operated by 
James Hardie Asbestos Ltd. as a subsidiary. 


* - * 


As a result of a recent sales agreement between The 
Wayne Kerr Laboratories Ltd. and Gertsch Products, Inc.., 
Wayne Kerr now hold the sole U.K. marketing and 
manufacturing rights for Gertsch precision electronic 
instruments. Sales and service enquiries regarding these 
American products should be addressed to Wayne Kerr 
at 44 Coombe Road, New Malden, Surrey (Tel: MALden 


2202). 
* * * 


Bearing in mind the increasing interest of the machine- 
tool industry in electronic control, Compagnie Européenne 
d’Automatisme Electronique’ (CAE), of Paris, who have 
hitherto specialized in the application of computers to the 
operation of large industrial plant, have decided to add 
to their programme of computers and processors a series 
of systems for the control of machine tools. For this 
reason, an agreement has been signed between CAE and 
Thompson Ramo Wooldridge, with a view to the sale and 
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A revolutionary angle 
in service efficiency 


Gravity Feed Shelving—a new and inexpensive 
timesaver in warehouse storage, designed to 
simplify order assembly and ensure accurate 
stock rotation. Ideal for pharmaceutical, 
grocery, hardware goods and for a wide range of 
other products requiring easy, speedy handling. 


Goods are loaded at the rear of the shelves, 
gravitate to the front, giving immediate access 
and saving valuable time. Dimensions and full 
details on request. 


EVERTAUT LIMITED 
WALSALL ROAD, BIRMINGHAM 22B 
Telephone BIRchfields 4587 (4 lines) 


THE ENGINEERS’ DIGEST 





...Wlll be fed. 


Hodgkinson new desi 

gkin: ign Mark V i 
ig stokers are being installed by BMC 
<A maximum thermal efficiency. These 
Stokers maintain a flexible heat control 


burn coal smokeless] 
- yandc ‘ope : 
with fluctuating loads. can cope rapidly 


into these... 


jive hi ressure automatically controlled, 
heey 9 Cochran ‘Sinupac’ boilers = 
each burn (per hour) 1.8 tons of —— 

smalls containing 40 pet cent. fines. — 2. 
choose Cochran because, even with this 
low-grade coal, the efficiency will ves 
proximately So per cent. on the gross ©.V. 
The total capacity of the five boilers is po- 
tentially 160,000,000 B.T.v.8 per hour. 
This will increase when the factory is in 
full production. 





to power the factory that makes these.. 


The new B.M.C. factory—an important land- 
mark in the industrial progress of Scotland— 
will produce approximately 400 tractors and 
1,000 commercial vehicles a week, and will 
employ some 5,000 to 6,000 people. This new 
B.M.C. factory burning British coal automati- 
cally fired by Hodgkinson stokers in Cochran 
boilers, will increase Britain’s prosperity at home 
—and British trade overseas. 


BMC pnrive AHEAD WITH COAL, HODGKINSON AND COCHRAN 
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BUSINESS NOTES 


production in Europe of systems developed by the 
electro-mechanical department of the latter company in 
Michigan City, Indiana. CAE is a joint venture of 
Compagnie Générale de Télégraphie sans Fil (CSF), 
Thompson Ramo Wooldridge, and Intertechnique, and is 
in charge of producing industrial control systems based 
on computers for the Common Market. 


* . a 


“Bascodur”, an anti-corrosive protective lining for 
plug valves, globe valves, angle valves, low-pressure gate 
valves, and sight flow glasses, is now available for the 
first time in the U.K. through the British agents, I. V. 
Pressure Controllers Ltd., of 683 London Road, Isleworth, 
Middlesex, who have the sole rights to this product. 
Bascodur-lined valves are manufactured in Germany at 
Eisenwerk Rédinghausen, Lendringsen, Krs. Iserlohn. 


* * * 


Varatio-Strateline Gears Ltd., of Trading Estate, 
Slough, have now moved into a new and larger factory 
at Follsain Works, Ajax Avenue, Trading Estate, 
Slough, Bucks. (Tel: Slough 26655; telegrams: 
Varatio, Slough). 


* * > 


Imperial Chemical Industries Ltd., of London, S.W.1, 
Magneto-Chemie N.V., of Schiedam, Holland, and 
The Amalgamated Curacao Patents Co., of Curacao, 
have agreed to pool their appropriate patents and to 
collaborate in the development and extension of the use 
of titanium anodes coated with an extremely thin film of 
platinum or similar metals. These coated anodes offer 
considerable advantages over conventional materials in 
industrial electrolytic cells for chemical manufacture, 
electroplating plant, and equipment for converting brine 
to drinking water. They are also used for the cathodic 
protection of ships and structures against seawater 
corrosion, but their greatest field is undoubtedly in the 
production of chlorine by the electrolysis of brine, and 
numerous large-scale chlorine producers are evaluating 
them for this application, including the General Chemicals 
Division of LC.I. The Metals Division of I.C.I. are 
marketing platinized titanium anodes manufactured in 
the U.K. by their subsidiary company, Marston 
Excelsior Ltd., of Wolverhampton. 


The Insley Industrial Supply Co. Ltd., distributors of 
precision balls, bearings, and machine-tool accessories, 
have now changed their name to Insley Industrial Ltd. 
and have moved to new and larger premises at 5 Windmill 
Street, London, W.1. (Tel: LANgham 5426-8). 


> * * 


A new British company, the Consolidated Electro- 
dynamics ‘Corporation (U.K.) Ltd. has been set up to 
complement the activities of the Consolidated Electro- 
dynamics Corporation, Inc., of Pasadena, Cal. The new 
company is a wholly owned subsidiary of Bell & Howell, 
S.A., of Fribourg, Switzerland, which is in turn owned 
by the Bell & Howell Company, of Chicago, Ill. The 
Consolidated Electrodynamics Corporation, Inc. is 
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wholly owned by the Bell & Howell Company and itself 
owns the Consolidated Electrodynamics Corporation, 
G.m.b.H., of Frankfurt, Germany. It is stated that the 
new British company will be much more than an offshoot 
manufacturing for the home market, as it is intended to 
be one of the most important manufacturing centres for 
export for the C.E.C. organization. The headquarters 
of the Consolidated Electrodynamics Corporation 
(U.K.) Ltd. is at 14 Commercial Road, Woking, Surrey 
(Tel: Woking 5633, Telex No. 8-582). 


* * + 


It is announced by Allen West & Co. Ltd., of 
Brighton, manufacturers of electric-motor control gear, 
that they have acquired a 56,000-sq ft factory at New- 
townards, Co. Down, Northern Ireland. The factory, 
which was formerly occupied by Lee Guinness, Ltd. and 
is Government-built, has ample room for expansion, and 
will immediately be used for the assembly and wiring 
of standard Allen West contactor panels. 


Following a recent agreement with Yuba Consolidated 
Industries, Inc., of Tulsa, Oklahoma, Birwelco Ltd., of 
Aston, Birmingham, a wholly owned subsidiary of the 
G.K.N. Group, will manufacture Aimco ‘“Transaire”’ 
air-cooled heat exchangers for sale in Europe and the 
British Commonwealth. These exchangers incorporate 
finned tubes and electrically driven fans, and are designed 
specifically for the oil-refining, petrochemical, and 
chemical-processing industries. They are particularly 
useful where the water supply is inadequate or unreliable. 


LOOK 
NO GLANDS... 





... No stuffing box either 
—in fact nothing to wear out at all ! 


This is the SHOFLO, the sight flow indicator that shows you 
whether or not liquid is flowing in a pipeline even above eye /eve/ 
Simple and positive in operation, the SHOFLO prevents reverse 
flow, is ruggedly built with a toughened glass dome and easily 
withstands pressures of up to 100 p.s.i. Available in three sizes of 
+", 1” and 14” bores, male or female connections—the 4” size can 
be supplied with right angle inlet and outlet. 


Write for brochure AB4/M17. 
SHOFLO 


Sight flow indicator 


PARKINSON COWAN 
MEASUREMENT 


P.O. Box No. 2, Dobcross, 
Oldham, Lancs. Tel: Delph 424 


PIPCMI7b 
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PROPELLER FANS? 


YES, SIR! 


BIGGEST RANGE 
IN THE COUNTRY 


a 


SMITHS TORRINGTON propeller 
fans, the widest range existing in 
this country, are promptly avail- 
able from stock -3” to 24” dia., either 


AIROTORS? 


YES, SIR! 


BIGGEST RANGE 
IN THE COUNTRY 


SMITHS TORRINGTON wide range 
of airotors are also promptly avail- 
able from stock in following sizes 
-1}" to 11” dia., widths from §” to 11’, 


BOFFINS? 


YES, SIR! 


BIGGEST BRAINS 
IN THE COUNTRY 


SMITHS Technical Advisory Service 
puts at your disposal the knowledge 
and extensive experience of the 
SMITHS TORRINGTON organisation 


rotation, in a variety of pitches. in steel or aluminium. as well. 


AND NOW-—FOR STILL 


GREATER ECONOMY— 
STANDARDISED 
BLOWER CASES 


COMPLETE BLOWER UNITS, 
AND SPECIALITY BLOWER UNITS 
TO YOUR SPECIFICATION 


Standardised sheet metal blower cases are now avail- 
able to fit all sizes of SMITHS TORRINGTON airotors, 
both single and double inlet. This range offers the 
maximum versatility: piercings can be provided for a 
variety of motor mountings; special finishes can be 
provided as well as the standard Hammer Blue/Green; 
individual performance curves supplied on request; 
speciality blowers can be designed and manufactured 
to your special performance requirements. 


SMITHS 


Please write to us for illustrated literature and technical information. We shall 
be particularly interested in helping to develop new air-moving applications 





TORRINGTON 


AIR-MOVING EQUIPMENT 


8. SMITH & SONS (ENGLAND) LIMITED, AIR IMPELLER DEPARTMENT, WITNEY, OXON. TELEPHONE: WITNEY 678 
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CONTRACTS 


Orders for Efco furnaces to a value of approximately 
£70,000 have recently been obtained by Efco (Sth. 
Afiica) (Pty.) Ltd. The orders cover an electrically 
heated closed-quench furnace, a pit-type gas carburizing 
furnace, a continuous mesh-belt conveyor furnace, and 
two bogie hearth furnaces, each rated at 750 kW. The 
bogie hearth furnaces are to be supplied to South 
African Railways for normalizing, annealing, and stress- 
relieving steel castings and will take loads up to 8 tons. 


* ” * 


It is announced by The Bronx Engineering Co. Ltd., 
of Lye, Stourbridge, that they have received export 
orders totalling about £90,000 during recent weeks. Of 
these, Stankoimport, Russia, has placed a £45,000 order for 
plate-bending rolls, while a£24,000 order has been received 
from Finland for two large tube-straightening machines 
for copper tube. In addition, orders worth £14,000 for 
tube-straightening machines have been received from 
Czechoslovakia, and a similar order, valued at £7,000, 
has been received from Switzerland. 


* * * 


Orders totalling £250,000 have been received by 
Honeywell Controls Ltd., of Greenford, Middlesex, for 
process-control instrumentation in connection with the 
new integrated Spencer steelworks of Richard Thomas & 
Baldwins Ltd., near Newport, Mon. Temperature, flow, 
pressure, and oxygen-analysing equipment will be 
supplied for the reheating and heat-treatment furnaces 
being installed by Priest Furnaces Ltd., Stein and 
Atkinson Ltd., and the Incandescent Heat Co. Ltd. In 
addition, instrumentation is being installed for lime 
kilns, ore dryers, pickle lines, and acid-recovery and other 
plant, mainly on direct order from Richard Thomas & 
Baldwins. Most of the instrumentation will be made in 
Scotland, and a considerable part of the installation will 
be carried out by Honeywell Controls themselves. 


* * * 


The Power-Gas Corporation Ltd., of Stockton-on- 
Tees, a member of the Davy-Ashmore Group, have been 
appointed main contractors by Magnesium Elektron 
Ltd. for the engineering of a new plant at Hopton, 
Derbyshire, for the production of 5000 tons per year of 
magnesium. The plant, which will make the U.K. largely 
independent of imports from overseas, will extract 
magnesium of 99:9°%% purity from local dolomite by a 
reduction process which has not previously been 
operated on a commercial scale in this country. The 
total value of the completed plant to Magnesium Elektron 
is expected to be in the region of £2,000,000. 


* * * 


An order, valued at about £125,000, has been 
received by The General Electric Co. Ltd. from the Reed 
Paper Group for a 5-MW pass-out geared turbo- 
generator and the associated condensing plant, to be 
installed alongside two existing G.E.C. sets in the 
Empire Paper Mills of the Group at Greenhithe, Kent. 
Designed for inlet-steam conditions of 600 psig and 
800°F, the turbine will exhaust to a vacuum of 28:5 in. 
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Hg and will be fitted with a pressure-controlled pass-out 
for the delivery of up to 80,000 lb/hr of process steam at 
20 psig. The condensing plant will be manufactured by 
Hick Hargreaves & Co. Ltd. 

The General Electric Co. Ltd. has also received an 
order, valued at £70,000, for blending machines to be 
installed in Belgium in the Athus steelworks of S. A. 
Cockerill-Ougree. The equipment is to be incorporated 
in an ore-blending plant and comprises a reclaiming 
machine, a transfer car, and a double-hinged boom 
stacker. The reclaiming machine will have a capacity 
of from 380 to 500 tons /hr, depending on the density of 
the ores concerned, while the stacker will be fitted with 
belt conveyors of 43 in. width and will be capable of 
stacking at a rate of 800 tons/hr. 


* as * 


A contract has been received from the General Post 
Office by the Brush Electrical Engineering Co. for the 
supply of control equipment, motors, generators, and 
servo-equipment for a steerable aerial now under 
construction at the Goonhilly Downs Post Office Radio 
Station in Cornwall. Another Hawker Siddeley company 
concerned in the project is Whitworth Gloster Aircraft, 
whose Electronics Division is building some of the 
digital electronic equipment. The paraboloid aerial, 
85 ft in diameter, is similar in principle to the Jodrell 
Bank radio telescope, for which Brush were also 
responsible for supplying the motive-power equipment, 
and will be used for tracking radio-communication 
satellites in a joint G.P.O. and American experimental 
programme scheduled to take place next year. In this 
programme, American satellites will be used to transmit 
speech, telegraphy, and television across the Atlantic. 





The Nitriding Process 


for Case—hardening 
Special Steels by 
Nitrogen offers 


Surface hardness upto 1100 D.P.H. 


Retention of full hardness after 
heating to 500° C. 


Maximum resistance to frictional 
wear and fatigue. 


Improved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 26646 Sheffield. Telegrams: Nitralloy, Sheffield. 
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lubricat 
INDUSTRIAL 


MOLYSLIF 


«+. INDUSTRIAL 
MOLYSLIP by 
MONKS 
@ CRANE LTD. 


(Sole industrial 
Distributors) 


Molyslip is a product of THE SLIP GROUP OF COMPANIES, 34 Great St. Helens, London, E.C.3 Tel: AVEnue 1636. Telex: 2375 
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Technical literature on request from: MONKS & CRANE LIMITED, HEAD OFFICE: GARRETTS GREEN LANE, BIRMINGHAM, 33, STECHFORD 4051 and branches ot: 
LONDON; 204/206 WEST END LANE, LONDON, N.W.6. HAMPSTEAD 9624 - MANCHESTER: 8 WILMSLOW RD., MANCHESTER 14. RUSHOLME 6224 - GLASGOW: 
6/8 POSSIL RD., GLASGOW, C.4. DOUGLAS 6011 + NEWCASTLE-ON-TYNE: 23 DEAN ST., NEWCASTLE-ON-TYNE I. NEWCASTLE 29773 «+ LEEDS: 52 
WELLINGTON ST., LEEDS |, LEEDS 33086 + BRISTOL: 9 STOKES CROFT, BRISTOL I. BRISTOL 294331 - BELFAST: 26 ANTRIM RD., BELFAST 14. BELFAST 746411 
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GLA TAASEUGEPNAA AUREL 


PERSONAL 


It is announced by The Hairlok Co. Ltd., of Bedford 
and London, that Mr. E. A. Falkner has been appointed 
to the board of Hairlok Laboratories Ltd., of Chiswick, 
London, who are the design, development, research, and 
testing division of The Hairlok Co. Ltd. 


* * 7 


Mr. H. Smith, chairman and joint managing director 
of British Ropes Ltd., of Doncaster, has joined the board 
of The United Steel Companies Ltd., of Sheffield 10. 


. * . 


It is announced by Head Wrightson & Co. Ltd 
that Mr. J. D. Eccles has been appointed director and 
general manager of Head Wrightson Stockton Ltd. 


Mr. G. F. Taylor has been appointed general manager of 


Head Wrightson Steel Foundries Ltd., while Mr. A. J. 
Long has joined the Head Wrightson Export Company 
as general manager. 


* * + 


Mr. R. Butler, previously a director of Quasi-Arc Ltd., 
has been appointed managing director of the Eutectic 
Welding Alloys Co. Ltd., a member of the Eutectic 
Castolin International Group. 


. * * 


The Plessey Co. Ltd. announce the appointment of 
Brigadier J. D. Haigh, O.B.E., M.A., M.LE.E., one of 
Britain’s early radar experts, as general divisional 
manager of a group of divisions which include the wiring 
and connectors division, the capacitors and resistors 
division, and Preformations Ltd. 


* * * 


Mr. R. P. E. Tabb has been appointed deputy director 
of engineering of The English Electric Co. Ltd. This 
directorate is responsible for the engineering policy of the 
whole range of the company’s products (other than those 
of English Electric Aviation), and Mr. Tabb will mainly 
be concerned with the company’s technical development 
programmes. 


* * . 


It is announced by Drummond-Asquith Ltd., of 
Birmingham, that Mr. R. Quigley, who has been area 
manager of their Scottish territory for many years, has 
been appointed home sales manager of their organization. 


* * . 


Mr. J. A. W. Gill has been appointed a director of 
Steele & Cowlishaw Ltd., of Hanley, Stoke-on-Trent. He 
will retain his position as manager of the chemical- 
machinery sales department of Baker Perkins Ltd., of 
Peterborough, the parent company of Steele & Cowlishaw 
Ltd. 


* * * 


Mr. J. W. Warner, M.A., M.1I.Mech.E., A.M.LE.E., 
has been appointed to the board of Alkaline Batteries 
Ltd., of Redditch, Worcs. 
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It is announced by AMF Ltd., a member of the 
American Machine & Foundry Co. International Group, 
that Mr. D. A. Bell, B.A., Ph.D., has been appointed 
director of their new research laboratory at Blounts 
Court, Peppard, near Henley-on-Thames. 


* * * 


Churchill Gear Machines Ltd., of Blaydon-on-Tyne, 
announce that Mr. C. R. Tearne, formerly technica 
sales manager, has been appointed director of the 
company. Mr. W. Guss has now been appointed 
technical sales manager, while Mr. T. Lewins becomes 
chief machine-tool designer, and Mr. P. Wedgwood chief 
engineer. 


* * ” 


Sir Ben Lockspeiser has been appointed to the board 
of Cyril Adams & Co. Ltd., one of the machine-tool 
companies in the Staveley Group. Sir Ben is scientific 
adviser to the Group and is on the board of Staveley 
Industries Ltd., the parent company. Staveley also 
announce that Mr. F. Menelaus has been appointed a 
director of Wilkinsons Tools Ltd., of Warrington, 
another member of the Staveley Group, moving from yet 
another Staveley company, George Richards & Co. Ltd., 
of Broadheath, where he was development engineer. 

7 « ~ 

The Griffin & George Group of companies announce 

that Mr. D. S. Beard, Ph.D., A.Inst.P., A.R.C.S., B.Sc., 


has been appointed to the board of Griffin & George 
(Sales) Ltd. in the capacity of technical sales director. 





TEMPERATURE 
MEASUREMENT 





“THERMINDEX. 


TEMPERATURE INDICATING PAINTS 





Manufactured by Synthetics & industrial Finishes Ltd 


Details available from Sole distributors for Europe and U.K. 


J.M. STEEL & CO. LTD. 


LONDON: 36-38 Kingsway, London, W.C.2. Tel: HOLborn 2532/5 
MANCHESTER: 73/79 King St., Manchester 2. Tel : Deansgate 6077/9 
BIRMINGHAM: 45 Newhal! St., Birmingham 3. Tel: Central 6342/3 
GLASGOW : 144 St. Vincent St., Glasgow C.2. Tel: Central 3262 
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TAP 
WRENCH 


Pp 
ANGLE PLATES CHUCK TYPE 


TAP 
WRENCH 
ADJUSTABLE 
BAR TYPE 


AUTOMATIC 
CENTRE PUNCH 


work to fine limits 


with 


‘Eclipse’ hacksaw blades and other tools are made by james Neill & Co. (Sheffield) Led. and are obtainalle from all tool distributors 
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a ee DESIGNERS- 


New Factory for Royce Electric Furnaces 


2 
Occupying a prominent corner position in the L.C.C. 9 
Industrial Development Area at Sheerwater, near Woking, 3 
4 

fo} 


; do you 


Surrey, a new factory has been constructed by Royce 
Electric Furnaces Ltd. The sales and design staff, 
together with administration staff, are housed in a new 
office block in front of the factory. The products of the 
factory range from low-temperature ovens to furnaces 
providing temperatures up to 1750°C, and include 
equipment for heating materials in air, in gas atmospheres, 
and in a vacuum. 

The new factory has a floor space of about 40,000 
sq ft and is arranged to provide two main bays, 190 ft in 
length, for the manufacturing and assembly work, includ- Every time a designer sketches an assembly 
ing metal cutting and fabrication, the laying of insulating of moving parts he works within a constraint 
brickwork and refractories, and electrical installations. which has become so familiar that he 
A machine shop occupies one side of the factory, while scarcely recognises its existence This 
the stores, works offices, and canteen are housed on the constraint is the necessity to provide oil, 
other side. The fabricating section is well-equipped with grease, graphite or pressure lubrication for 
machinery for sheet-metal working and for rolling angles epi See aces ee D.U. Bearings 
and channels, and includes a guillotine with a 10-ft blade THEY NEVER NEED OILING! 
for cutting steel plate up to 4 in. in thickness and a 
hydraulic bending press for streamlined body construc- - 
tion, as well as an automatic profiling machine for pone 1d dada ke 
making intricate shapes. Argon-arc welding equipment LUBRICANT FREE and can with- 
is installed for joining heat-resistant steels. A special Seen PEDO Oy. te Bllethe Geman 
feature in the electrical section is a furnace-testing panel, for applications where it is incon- 
which enables a comprehensive check to be made on pa wR. RN. 
heating uniformity, electrical circuits, controls, and cannot be permitted. D.U. resists 
. : . : abrasive atmospheres and can 
insulation. Modern equipment for cutting hard operate submerged in liquids. 
refractories and thermal insulation boards is installed in a aA 
dust-proof room. 


long to 
be free? 


wo No NO HNO NO NO 





Glacier DU dry bearings consist of a steel backing on to which 
is sintered a layer of porous bronze impregnated with a mixture 
of fluoro-carbon plastic (P.T.F.E.) and lead 


Second International Pipes, Pipelines, Pumps, 
and Valves Convention 
: ; s , : There are many applications 
A technical convention, the first of its kind to take where the remarkable properties 
’ . ee iad s a : . - of D.U. dry bearing materials are 
place in Great Britain, will be held in conjunction with required but it is necessary to 
the Second International Pipes, Pipelines, Pumps, and machine the effective surface. 
‘ on 2,6 , =, 7 . : ere are aisoO Shapes and sizes, 
Valves Exhibition at Earls Court, London from April 9 notably very small components, 
to 13, 1962. The convention will last four days, and will which cannot conveniently be 
be divided into sessions, each representing a particular composite Girip. D.Q., Wien 
theme, as follows: is available in bars or tubes, 
he s »~ ff © and legislative c | f combines the excellent fric- 
(1) The scope, future, and legislative control o tional Properties of solid 
pipelines in the modern world. P.T.F.E. with athousand-fold 
; improved resistance to wear. 
(2) The manufacture, construction, and maintenance 
of steel and cast-iron pipe and pipelines. 
; 5 . . P sintenance Glacier D.Q. i ily machinable dry b terial i 
(3) The manufacture, construction, and maintenance pa pp tt A ag aye eb pe eo 
of other types of pipe and pipelines, e.g., non- Allers. Supplied from stock and in a range of standard bars and 
ferrous, concrete, glass-fibre, plastics, and pitch- 
fibre. 
The operation and economics of oil pipelines. 
The operation and economics of gas pipelines, 
including underground storage. 
(6) Pipelines for other uses, e.g., water, sewage, and | a 
steam. ‘ oes ’ Write for FREE Glacier Handbook No. 2. 
(7) Specialized piping systems for chemicals, nuclear J Sepanee nes. see 
power, and the conveyance of solids. treatments. 
(8) The instrumentation and automatic control of 
pipelines. 
(9) Submarine pipelines. 
It is proposed that each theme will be covered by 


THE GLACIER METAL COMPANY LTD 
ALPERTON * WEMBLEY * MIDDLESEX * ENGLAND 
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Just aturn 
of the screw 


corrects belt tension 


while the motor 


is running with 


KENYON 
Adjusto-Slide Motor Base 


This all-steel motor base will replace slide rails and 
provide belt adjustments to fine limits without 
stopping the motor. !t is robust and virtually fool- 
proof, consisting of a rolled section fixed base and a 
sliding plate to which the motor is fastened. The 
motor can be moved through an infinite number of 
rigid positions by means of a single adjusting screw. 
Our catalogue PT 3 & 4explains ADJUSTO-SLIDE 
MOTOR BASES fully. Please write for a copy 


MMMM fy 


. and for automatic belt-tension use 
ECON-O-MATIC MOTOR BASES 


Automatically matches the belt tension to each variation of load 
on the motor. Belt never too tight or loose. Slip eliminated. 
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WILLIAM KENYON & SONS 
(POWER TRANSMISSION) LIMITED 
DUKINFIELD - CHESHIRE 
Telephones : ASHton-under-Lyne 1614/7 and 3673/6 
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NEWS ROUND-UP 


several papers by experts in their respective branches of 
the industry. At each session, abstracts only of the 
appropriate papers will be read, so that as much time as 
possible can be available for discussion. It is expected 
that speakers from many parts of the world will take part 
in the convention, and the Committee would be interested 
in receiving suggestions for papers on each theme for 
Prospective speakers. Correspondence should be 
addressed to the Secretary, Mr. J. A. Oates, C.Inst.W., 
A.M.1.P.E., M.Inst.M., c/o Scientific Surveys Ltd., 97 
Old Brompton Road, London, S.W.7. 

Registrations for delegates to the convention are now 
being accepted (£3.3.0 each). Delegates will be 
admitted to the exhibition free of charge, will receive 
preprints of all papers, and will have the right to be 
present at all convention sittings and to take part in 
discussions on individual papers. Applications for 
registration as delegates should be sent to Scientific 
Surveys Ltd. at the above address. 


Helically Welded Aluminium Pipe 


The large-scale production of aluminium pipe in 
sizes up to 28-in. diameter is now possible as a result of 
the successful adaptation of the helical-weld principle of 
tube manufacture. The two main types of aluminium 
pipe available in large quantities, i.e., extruded and 
drawn seamless pipe, have been limited by practical 
considerations to a maximum diameter of about 12 in., 
while the method sometimes used to fabricate large- 
diameter pipes by bending plates into cylindrical shapes 
and then welding them longitudinally does not lend itself 
to large-scale production. 

The method of making helical-weld pipe essentially 
consists of feeding metal strip into formers or a series of 
rollers set at an angle, so that the strip describes a helix 
as it travels through the machine. The resulting helical 
seam is then welded continuously and automatically. 
The process, which enables pipe to be made in large 
diameteis and great lengths, and to accurate limits, was 
first developed for steel pipe at the end of the last century, 
but it took many years of improvement in strip quality, 
in automatic welding techniques, and particularly in 
continuous weld testing and quality control before the 
production of consistently high-quality helical-weld 
pipe became a practical proposition. Because of the 
increasing demand for thin-walled aluminium pipe in 
lage diameters, Alcan Industries Ltd. (then the Northern 
Aluminium Company) undertook in 1959, in collabora- 
tion with makers and operators of helical-weld equipment, 
a programme of development work on the production 
of helical-weld aluminium pipe. The close tolerances to 
which aluminium strip is supplied permit welding to take 
place under excellent edge-matching conditions, and 
this is an important point which has contributed 
significantly to the success in making aluminium helical- 
weld pipe of consistently high quality. Moreover, weld- 
ing is faster with aluminium than with steel, and the high 
speeds possible lead to high rates of output and low 
manufacturing costs. 

Helical-weld pipe is now being offered in sizes from 
6 to 28 in. diameter, with wall thicknesses up to } in., 
by three British companies, i.e., Apitubes Ltd., Bristol 
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Aerojet Ltd., and The British Steel Piling Co. Ltd. 
Apitubes Ltd. are producing pipe on helical-weld equip- 
ment designed and built at their Jarrow-on-Tyne works. 
Bristol Aerojet Ltd. have developed a different type of 
machine which produces helical-weld pipe to exceptionally 
close tolerances for the more specialized types of applica- 
tion, while The British Steel Piling Co. Ltd. are operating 
a ““Driam” helical-weld machine at their Claydon Works, 
near Ipswich. On the Continent at Oberhausen, near 
Dusseldorf, Intercontinental Enterprises G.m.b.H. are 
building their ‘“‘Heliweld” plant, which will be capable of 
forming pipes up to 120-in. diameter from strip up to 
4-in. thick. It can therefore be used for making 
cylindrical vessels and tanks, as well as pipes. 


Stress-Relieving Furnace for Large Fabrications 


Measuring 27 x 27 80 ft in length and believed to 
be the largest of its kind in the world, a new electric 
stress-relieving furnace is being installed by Head 
Wrightson Teesdale Ltd., a subsidiary of Head Wrightson 
& Co. Ltd., at their Thornaby-on-Tees works. The 
furnace, which was designed by Cooper Electroheat Ltd., 
is capable of stress-relieving large fabrications such as 
oxygen steel converters and will be used in the fabrication 
of the boilers for the nuclear power station at Dungeness. 
Although it is not yet complete, the furnace has already 
been used for stress-relieving fabrications weighing 50 
tons. 

An important feature of the furnace is that no 
firebrick is used anywhere in its construction. The 
hearth, walls, and roof are made generally from mild- 
steel panels measuring 8 x 8 ft, filled with compressed 
mineral-wool slabs and secured with flexible mild-steel 
sheeting. The roof panels are fixed to longitudinal 
rolled-steel joists at roof-truss height. The side walls, 
carried by A-frames and mounted on bogies, are easily 
retractable, and the end walls can be lifted into position 
in two sections by means of a mobile crane. The furnace 
is designed in such a way that it can be dismantled and 
re-erected elsewhere or altered to admit smaller or larger 
fabrications. 

The fabrications to be stress-relieved are supported on 
cradles and carried on bogies which also carry the 
furnace floor. Longitudinal expansion of fabrications is 
taken up by individual bogies which move relative to each 
other. The 1500-kW electrical elements, operating at 
mains voltage, are arranged in units of 40 kW, each unit 
comprising twelve coiled elements in sintered-alumina 
sleeves supported in stainless-steel channels. These 
channels rest on a mild-steel framework placed on the 
furnace floor, which is also made in panel form. Heating 
is effected by convection currents of hot air inside the 
flueless closed furnace, so that oxidization of fabrications 
is negligible. 
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FOR SALE 


NEW 200-TONS PRESS BRAKE FOR SALE. IMMEDIATE 
DELIVERY, subject to prior sale. Thickness formed j in. to 167 in. 
over 2 in. die opening. Maximum working length 13 ft. 11 in 
Between uprights 11 ft. 8 in. Steel plate construction Motor 
drive. Weight about 254 tons. An excellent machine Full 
details, illustrations from 
F. J. Edwards Limited, 
359 Euston Road, London, N.W.1 or 41 Water Street, 
Birmingham 3 
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Sections by the thousand 


Whatever the shape, Metal Sections can 
cold roll it accurately to any required 
length or quantity. Thousands of standard 


Sketch your section for us 


sections are available, but if you demand an 
we will quote without obligation 


entirely new shape our designers will be glad 


to help. 


METAL SECTIONS LTD 


COMPANY 


OLDBURY - BIRMINGHAM Tel: BROadwell 1541 
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LATEST INDUSTRIAL LITERATURE 


Materials 
1. High-Strength Steels 


Details of chemical composition, mechanical proper- 
ties, and recommendations for cold and hot forming, 
welding, punching, shearing, and gas-cutting of a range of 
high-strength steels are given in a 12-page brochure. The 
steels have greater abrasion resistance and about 40°, 
higher mechanical strength than ordinary structural 
carbon steels. 


2. Die Steels 


Recommended for the hot pressing of steel and brass, 
for cold drawing, hot extrusion, cold shearing, and for 
diecasting and plastic moulds, a range of die steels is 
presented in an 8-page brochure. Information on the 
selection of die steels, on operational temperatures, and 
on shock conditions is included. 

3. Asbestos Moulding Materials 

A 28-page brochure contains particulars of resinated 
asbestos moulding materials which are claimed to be 
tough, light, dimensionally stable, and to have high flame 
and acid resistance. Applications include high-pressure 
cured felts which can be turned, milled, and drilled, 
high-pressure moulded felts, laminates, flocks and 
powders based on asbestos fibre, etc. 

4. Plastic Linings 

Details are presented in a 12-page brochure of a range 
of plastic lining service developed for covering metal 
vessels and components with a thermo-setting and thermo- 
plastic corrosion-resistant lining. The coatings provide 
long-lasting highly-glazed surfaces which are easily 
cleaned and sterilized, and are odourless and tasteless to 
satisfy the needs of a wide range of chemical and process- 
ing industries. 


Castings 
5. Steel Castings 


Specifications, properties, and applications of a wide 
range of steel castings are listed in a 24-page brochure. 
Examples of castings described include driving sprockets, 
cross beams, stub axles, pivot brackets, bevel pinions, 
track shoes for excavators, mine-car wheels, rocker arms 
for coal-cutting machinery, and locomotive wheel 
centres. 


6. Casting Design 

Recommendations for improving casting design and 
reducing the cost of castings are given in a 6-page folder, 
dealing with problems of reducing moulding, core- 
making, cleaning, and machining costs, as well as 
decreasing weight and increasing dimensional accuracy. 
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BARCLAYS BANK D.C.O 
banks on Bailey's 


for steam pressure regulation 


The entire pressure regulation 
system at Barclays Bank D.C.O., 
Goodenough House, 

Old Broad Street, London, 

was supplied by Sir W. H. Bailey 
& Co. Ltd. for the Consulting 
Engineers, J. E. Greatorex and 
Partners, and the Heating 
Engineers, Sulzer Bros. (London) 
Ltd. The architects were Ley, 
Colbeck, and Partners. 

While specialising in the 
manufacture of 

pressure regulators, Bailey's are 
in a position to supply complete 
installations of this kind, 
incorporating isolating valves, 
Strainers, relief valves, gauges and 
ancillary equipment. For medium 
and low pressure control 
installations in steam, water, oil, 
air and gases, you can 

bank on Bailey's 


Ss SIR W. H. BAILEY AND COMPANY LIMITED 
REGD. 


HEAD OFFICE & EXPORT SALES: ; 

Albion Works, Patricroft, Manchester. Tel: Eccles 3487 (4 lines) 
LONDON & SOUTHERN AREA SALES: 

Selinas Lane, Dagenham, Essex. Tel: Dominion 2277 (3 lines) 
PRESSURE REGULATORS - SLUICE VALVES - TEST PUMPS - TURNSTILES 


TGA G6B 





7. Centrifugal Bronze Castings 

A 6-page folder contains details of centrifugal bronze 
castings, describing the process of casting, the cost 
factors, the sizes of castings available, as well as the 
mechanical properties, surface finish, and chemical 
composition of the bronze castings. Information on the 
various alloys suitable for the centrifugal-casting process 
is also incorporated. 


Welding and Brazing Equipment 


8. Low-Heat Metal-Joining Electrodes 


Suitable for producing strong low-temperature joints 
between dissimilar metals, a range of low-heat metal- 
joining electrodes is introduced in a 6-page leaflet. The 
electrodes are suitable for welding, brazing, and surfacing 
steel, cast iron, bronzes, silver alloys, light metals, and 
are claimed to provide strong joints without cracks and 
distortion. 


9. Welding Equipment 


A wide range of welding equipment described in a 
selection of brochures and leaflets includes welding 
rectifiers for inert-gas welding, oil-cooled welding trans- 
formers, high-frequency ionizers, and a range of alt - 
minium, bronze, stainless steel, and special high-speed 
electrodes. 





Motors and Control Gear 


10. Industrial Motors 


Particulars of ratings, horse powers, speeds, starting 
characteristics, and temperature rises of a wide range of 
totally-enclosed a.c. motors are given in a selection of 
brochures. Additional brochures contain details of 
protected, drip-proof, and louvre-ventilated d.c. motors 
from 1 to 30 hp output at 1000 rpm. 
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11. Contact-Less Control System 

Relying on the static switching properties of semi- 
conductors, a contact-less control system is presented in a 
20-page brochure. The components of the system are 
logic units and amplifiers, which combine, sort, and 
magnify input signals, the combination of these units 
performing the functions of any relay system. The units 
are totally encapsulated, and, having no contacts or 
moving parts, require no maintenance whatever. 


12. Oil-Free Geared Motor Units 


Covering output speeds of from 141 to 820 rpm and 
torques of from 49 to 212 lb in, a range of oil-less geared 
motor units is described in a 2-page leaflet. The units 
are single-stage epicyclic reduction trains built into the 
end shields of electric motors, which are sealed for life, 
quiet in operation, and free from vibration. 


Pumps and Compressors 





13. Industrial Pumps 

The range of pumps described in a 4-page brochure 
includes gear pumps with deliveries of from 18 to 12,000 
gph, vane pumps, paddle-displacement pumps, motorised 
sud pumps, petrol dispensing pumps, etc. An additional 
brochure contains information on turbine pumps, 
applications of which include fire-fighting equipment, 
water supply, test-bed cooling systems, etc. 


14. Rotary Compressors and Vacuum Pumps 

A selection of brochures and leaflets contains par- 
ticulars of a range of oil-free compressors and vacuum 
pumps. The units have balanced rotors which operate 
without frictional contact and minimize wear, and 
special seals operating on renewable sleeves to provide 
adequate protection against entry of oil or gas leakage. 


15. Automatic Pump Traps 


Designed to deal with fluids from vessels under 
atmospheric pressure or vacuum, a range of automatic 


pump traps is described in a 4-page leaflet. An addi- 
tional leaflet contains details of piston-operated and 
direct-operation steam traps and of separators which will 
divert the condensate to the steam trap from the steam 
line. 


Industrial and Workshop Equipment 





16. Fully-Guarded Diecasting Machines 

Incorporating a fully-interlocked safety guard directly 
linked with the die-closing valve, replaceable bronze 
bushes for all main bearings, and disc valves on shooting 
cylinder, a series of diecasting machines is described in a 
4-page folder. The effective capacity of the machine is 
14 Ib zinc per shot, and the air pressure required is from 
80 to 125 psi. 


17. Spark Machines 

Providing high cutting rates and great accuracy in the 
production of intricate shapes, such as forging and wire- 
drawing dies, etc., a range of spark machines is described 
in an 8-page folder. The machines are claimed to have 
comparatively small electrode wear, cutting rates of up to 
75 cu. mm per minute, and extremely simple methods of 
control and operation. 


18. Hydraulic Valves 


A selection of brochures contains details of hydraulic 
valves, such as hand-, foot-, solenoid-, or air-operated 
valves, self-honing control valves, and 4-way valves 
suitable for pressures up to 2 tsi. The 4-way valves can 
be used to control any double-acting cylinder having 
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controllable pressure fluid fed to both ends of the 
cylinder and also for the control of a downstroking press 
with push-backs which are fully exhausted. 


19. Air-Power Units 

Developed for providing low-cost automation in a 
number of production processes, a range of portable and 
stationary air-power units is described in a 12-page 
brochure. The units are applicable to almost any kind 
of rotating tool and are specially suitable for set-ups in 
production drilling, burring, grinding, nut-setting, 
screwdriving, tapping, reaming, and positioning. 


20. Cutting Tools 

An illustrated 60-page booklet serves as a useful 
guide to the selection and application of a range of 
cutting tools, such as drills, taps, reamers, milling 
cutters, tool bits, etc. Charts of hardness factors, tool 
angles, and tables of morse taper shanks are included. 


21. Sprayed Cutting Compounds 

Eminently suitable for applications in dieboxes, 
penetration down the flutes of tools, covering of forming 
tools and dies, and for following moving work-pieces, a 
range of sprayed cutting compounds is described in a 
4-page leaflet. The spray compounds also have useful 
applications in screw-cutting, press-work, sawing, slot 
milling, tapping, facing, and counter-boring, specially 
in machine tools not fitted with sud pumps. 


22. Permanent-Magnet Chucks 

Details of operation and performance of a wide 
range of permanent-magnet chucks are given in a 30-page 
booklet. Information on the design, installation, and 
maintenance of the magnetic chucks is given, and 
adaptor plates, chuck blocks, demagnetizers, and special 
magnetic fixtures are also described. 


LITERATURE REVIEWED RECENTLY 


23. Engineers’ Tools 
. Gunmetals for Quality Castings 
25. Steel Strip and Bright Steel Bars 
26. Sparkless Switches 
27. Industrial Engines 
28. Heavy-Duty Vertical Hobbing Machines 
29. Remote Controls for Fullway Valves 
30. Electric Motors 
31. Silicone Rubbers 
32. Hydraulic Pumps and Valves 
33. Fibreglass Sheet, Strip, and Rigid Sections 
34. Pneumatic Control Equipment 
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the following circled num e 


(222 4 CTASV Ota ee ae Se eS 
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 #4 
Name 

Position 

Company 


Address 














For over half a century 


MANUFACTURERS OF Aodel “BW" Automatic Plain 


Grinding Machine 


Precision 
Grinding 
Machines 


R” 72in. x 360in, Heavy Duty 


PRECISION PLUS PRODUCTION 


A Member of the B.S.A. Group of Companies 


THE CHURCHILL MACHINE TOOL CO. LTD. 
BROADHEATH = MANCHESTER 


EXPORT SALES ORGANISATION 
ASSOCIATED BRITISH 
MACHINE TOOL MAKERS LTD. 
LONDON, BRANCHES and AGENTS 


HOME SELLING AGENTS 
CHARLES CHURCHILL & CO. LTD. 
BIRMINGHAM and BRANCHES 


C67KA 
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using the Meehanite Recommended Procedures 
TAKE ADVANTAGE ' : 
OF THIS FREE OFFER ; A These have been compiled for the guidance of designers, 
{ ', engineers and buyers in a recent bulletin. This publication 
Copies of this new bulletin 
wilt be eant free , contains useful and practical notes on Designing the casting, 
on request, please write for: Selecting the metal, Choosing the pattern, and Planning for 
— : low-cost production. Readers of this bulletin will find it of 
Bé Designing and planning for 


Quality Casti value in obtaining high quality Meehanite castings. 
uality Castings. 


MEEHANITE 


(read) 


THE INTERNATIONAL MEEHANITE METAL CO., LTD., EPSOM, SURREY 
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POLLARD BALL & ROLLER BEARING CO. LTD 


FERRYBRIDGE - KNOTTINGLEY - YORKSHIRE -+ Tel: 2323 + Telex: 55166 





distribution throughout the world 
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A 
WORKS MANAGER’S 
BEST FRIEND 
IS AFORD 
ENGINE 





Every Ford Industrial engine — Diesel or Petrol 
—is built to modern designs in one of Europe’s 
best-equipped factories. Ford Industrial engines 
are tough, economicaland outstandingly reliable. 
And they are backed by the famous Ford Service 
—with factory-trained service engineers and 
stocks of genuine Ford parts close at hand any- 
where in the world. Fork-lift trucks and mobile 
cranes—works trucks and tractors—all are 
available with Ford power-units installed. For 
long life, least trouble and lowest running and 
maintenance costs, choose Ford-powered equip- 
ment — Diesel or Petrol. Send the coupon below 
for details of Ford-powered equipment of the 
type you are interested in. 


Ie 3 


SPELLS POWER 








Please send me details of Ford-powered equipment of the following types 
Type or class of equipment 

YOUR FIRM’S NAME 

For the attention of Mr. 


ADDRESS 


j 


TO FORD INDUSTRIAL ENGINE DIVISION-DEPT.G5b/WM7-SOUTHOCKENDON- ROMFORD: ESSEX-ENGLAND 
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POWER PLANT 
FOR INDUSTRY 





BROTHERHOOD 765 kW TURBO ALTERNATOR 


Powered by surplus steam 

from the ‘‘ waste-heat’’ boilers of the 

gas producing plant, 

supplies all the electrical power needed at 
Hendon Gas Works, Sunderland. 


PETER BROTHERHOOD LTD 


PETERBOROUGH : ENGLAND 
Power Piant Specialists on use of waste steam to frovice electrical power at low cost. 


P6491 
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ORCUTT 


SHAFT GRINDING MACHINE 


ADAPTED FOR SPECIAL 


APPLICATION BY 


WOLSELEY 


The Orcutt Hydraulic 
Shaft Grinding Machine 
was installed by Morris 
Motors Limited at their 
Coventry Works for 
accurate grinding of 
angular lug faces on 
syncromesh hubs for 


the new Wolseley 6-99. 


Write for our latest 
literature on the Orcutt 
20” and 36” Grinding 


Machines. 


Comprehensive gear grinding service. 
Gears manufactured and ground complete. 


Makers of the Orcutt range of gear and 
spline grinding machines and measuring 
machines. 


The Gear Grinding Co. Ltd. 


CRANMORE BOULEVARD <« SHIRLEY + SOLIHULL + WARWICKSHIRE 


Telephone: SHIrley 2231 (6 lines) Telegrams: Orcutt, Birmingham. 
SM/GG 5828 
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Extra-high-voltage 
Power transformers 


up to 400 kV 
Three-phase ratings up to 600 MVA 













Brown Boveri transformers are impulse tested, 
efficient, noteworthy for their compactness, and 
have a long-established reputation for reliability in 
service. 


At present under construction: 

two 400-MVA banks, 420 kV, for the Kraftwerke 
Hinterrhein A.-G., Thusis, Switzerland, and 

one 420-MVA bank, 380 kV, for an installation in 
Finland 





Our list of products includes: 


Steam and gas-turbine power stations 
* Machinery and apparatus for nuclear 
power stations * Equipment for hydro- 
electric and diesel stations 


Regulating and protective gear ° 
Generators 


Transformers, airblast  circuit- 
breakers, instrument transformers 
for 400 kV 


Electric motors * Electric furnaces ° 
Electric welding equipment * Trans- 
mitting and rectifier tubes 


Electrical equipment for locomotives, 
trams and trolleybuses * Marine 


drives Single-phase transformer belonging to a 150-MVA 


bank for a Swedish 380-kV installation 


BROWN BOVERI 


BROWN, BOVERI & CO., LTD., BADEN - SWITZERLAND 
Representatives in most countries 
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Pacific 


pumps 


G. & J. Weir Limited, Cathcart, Glasgow have been appointed 
sole licensees for the manufacture and distribution in the 
United Kingdom of the well-known centrifugal pumps 
designed by Pacific Pumps Inc., (A Division of Dresser 
Industries, Inc.,) Los Angeles, U.S.A. Good delivery dates 
can be given for the supply of new equipment together 
with comprehensive facilities for the maintenance 


of existing installations. 


WEIR — PACIFIC PUMPS 


Centrifugal pumps for the petrolewn, chemical, process and fluid handling industries. 


223 8 a G. & J. WEIR LIMITED, Cathcart, Glasgow S.4. 


Telephone: Merrylee 7141 (20 lines 


London Office: Dunster House, 37 Mincing Lane, E.C.3. 
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Weldmesh 


Regd. Trade Mark 


SPANS THE FORTH 


Ja A 


: » mat 


vi} 
i TIN 
st TIF ie j 


Built for the Forth Road Bridge Joint Board 


Weldmesh was chosen for the twin footwalks on which the men will work when erecting 
the twin main cables for the Forth Road Bridge. These footwalks are 9 feet 2 inches 
wide and are suspended from the main 512 foot towers across the 3,300 foot span and 
again from the main towers, through the side towers to the shore, in ‘all a total length of 
nearly 2} miles. 
The Weldmesh was specially produced to the specification of the Contractors for the 
superstructure. The A.C.D. Bridge Company, a consortium comprising Sir William Arrol 
& Co. Ltd., The Cleveland Bridge & Engineering Company Ltd., and Dorman Long 


(Bridge & Engineering) Ltd., the Consulting Engineers being Mott, Hay & Anderson, in 
association with Freeman, Fox and Partners 


Weldmesh is a registered trade mark and is supplied in rolls or sheets direct to the users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 


London, Birmingham, Bristol, Chelmsford, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.1 


M-W.1042 
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MILLING MACHINES 


-increase output on 
small and medium batch sizes | 


FRITZ WERNER Punched Tape Controlled Milling Machines 
are standard machines with special electrical equipment for tape 
control which does not prevent manual operation. 

A standard teleprinter tape determines spindle direction and 
braking; variable feed rates including rapid traverse; direction and 
length of table movements. The standard feature of automatic 
hydraulic clamping of stationary slides ensures rigidity. 
Automatic dividing attachments, circular tables and clamping 
fixtures can be included in the programme which can contain an 
infinite number of stages. 


ws 


ROC KWE LL WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 


se 


For further particulars write or telephone TODAY 


ALSO AT BIRMINGHAM —TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW -TEL: MERRYLEE 2822 
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CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 
REDDISH . STOCKPORT ENGLAND 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 
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*Silastomer is the registered trade name 


of a comprehensive range of silicone rubbers 
manufactured and marketed by 


@™s) 


Where seals and gaskets are required to remain fully efficient over long 
periods at exceptionally high temperatures, Silastomer* silicone rubber 
supplies the complete answer. 


ut never bothered 


Silastomer remains fully serviceable at temperatures up to 250°C, where 
organic rubbers char and melt, and certain grades are available for 
intermittent use at temperatures as high as 300°C. Nor do extremes of 
cold effect its properties: Silastomer is still serviceable at —70°C. 

The thermal stability of Silastomer silicone rubber is combined with 
excellent retention of dielectric strength, chemical inertness, good water 
repellency and great resistance to weathering and oxidation. Silastomer 
is non-adhesive and most grades can be used for applications where 
physiological inertness is required. Products made from Silastomer 
are available from many rubber manufacturers, whose names will be 
supplied by any Midland Silicones branch office. 


MIDLAND SILICONES LTD first in British Silicones 


(Associated with Albright & Wilson Ltd and Dow Corning Corporation) 





See us on Stand C.4 at the 
Engineering Materials & Design Exhibition 








68 KNIGHTSBRIDGE - LONDON - SW1- TELEPHONE: KNIGHTSBRIDGE 7801 


Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


9) Msr 1c 
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DROP 
FORGINGS 

















FIRTH 


STAINLESS 


HEAT and 
I} ) i { i () \ CREEP- RESISTING 
STEELS - AND 
ALLOYS 


Engineering 


Industry 


























SHEFFIELD & DARLEY DALE. 


THE FIRTH-DERIHON STAMPINGS LIMITED ‘ 
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MERCEDES-BENZ DIESEL 


OMOTIy, 


P 
x) 


Your star performer 


Our technical 

literature MX 11 will 

give you full parti 

culars. Write for it now 
and we'll reply by return 
of post. Daimler-Benz AG, 
Stuttgart-Unterturkheim, 
Verkauf Motoren/Export 
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ACCUMULATORS 








INTEGRAL 


FILTRATION 
IN BASE ALSO 








HARD CHROMED 
PRECISION- 
FINISHED BORE 











LUBRICATED 
PISTON SEAL 











BOTTOM 
SEALING 
IF REQUIRED 








ALTERNATIVE 
BASES 





Incorporating many valuable features, these 
piston-separator type accumulators are avail- 
able in capacities from 4 gallon to 12 gallons 
and are suitable for working pressures of 3,000 
to 5,000 p.s.i. according to bore diameter. 


USE THEM... 


* to supplement pump in satisfying widely 
fluctuating power demands 


* to store power for infrequent or emergency 
operation of cylinders, etc. 


* to provide sustained effort 


* to afford rapid ‘approach’ stroke avoiding 
use of pump with dual delivery rates 


* to absorb fluid displaced by mechanical 
shock 


LOCKHEED PRECISION PRODUCTS 
LIMITED 
INDUSTRIAL HYDRAULICS DIVISION 


SHAW ROAD, SPEKE, LIVERPOOL 24, 


ENGLAND 
Telephone: Hunts Cross 2/21 Telex: 62394 


There are also Industrial Hydraulics Sales Engineers at your service at 
Automotive House, Tachbrook Road, 1!44 St. Vincent Street. 
Great Portland Street, Leamington Spa Glasgow, C.2. 
London, W.1/. (Leamington Spa (Centra! 0291) 
(Langham 2527) 2700) 
Telex 23446 Telex 31549 


Loe 


AUTOMOTIVE .“%— 
PRODUCTS cou 
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LOCKHEED HYDRAULIC 






Presenting a new D.C. arc welder 


IDEALARC 


TRADE MARK 


BALANCED 
3-PHASE 

SILICON 
RECTIFIER 








THE LINCOLN ELECTRIC COMPANY - CLEVELAND: OHIO USA 


the world’s largest makers of arc welding equipment 














THE SECOND 


Engineering Materials 
and Design 


EXHIBITION & CONFERENCE 
13-18 NOVEMBER 196! 
EARLS COURT, LONDON 


Engineering designers must keep abreast of the latest developments in 
materials and methods. Because it displays the widest variety and 
newest examples of components, materials and design, The Engineering 
Materials and Design Exhibition provides an unrivalled source of 
information. New properties new uses, new design trends . . . all evidence 
the way in which industrial research is meeting increasing demands. 
On the stands and at the conferences, the occasion also provides a 
unique opportunity for the interchange of ideas and reveals many new 
ways of using materials to the best advantage 





Exhibits include: 


Acid resisting materials : Alloys : Anodes and salts : Anti-friction 
metals : Asbestos fabrics : Bearings : Belting : Beryllium : Brake linings : 
Castings : Ceramics : Compressed wood-fibre mouldings : Conduits : 
Corrosion resisting materials : Fibre Glass : Hard facing materials : 
Heat resisting materials : Hose : Insulators : Metal coatings : Plastic 
mouldings : Polyester resins : Rubber mouldings : Wire 


Subjects and Speakers at the Conference > include: 


SUBJECT SPEAKER 
Design Problems with Bluebird L. H. Norris and K. W. Norris, Norris Bros 
Organisation of a Materials 
Department F. C. Carpenter, Smiths Aircraft Instruments Limited 
Metallurgy applied to the 
Selection of Metals D. Birchon, Royal Naval Scientific Service 
Elastomers in Engineering D. A. Smith, The National College of Rubber Technolog) 
Recent Developments in 
Insulating Materials J. Wainwright, The English Electric Co. Ltd 
Steels for the Design of Low 
Temperature Equipment _ E. Gill, International Nickel Co. (Mond) Ltd 
Plastic Coatings N. Vinson, Plastic Coatings Ltd. 
Influence of Corrosion on the 
Design of Chemical Plant E. Warde, Henry Wiggin & Co. Ltd 


VISIT THE 
INTERNATIONAL 


Sponsored by the Financial Times 

and Engineering Materials and Design 

¥* Full details of exhibition and conference lectures from: 
INDUSTRIAL AND TRADE FAIRS LIMITED 
Commonwealth House : New Oxford Street 

London WCI 


CHAncery 9011 o 


* 
AT THE SAME TIME 
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ANOTHER 


For repetitive drilling of any particular size of hole, where a taper drive 
is required, considerable savings can be effected by using a DORMER 
Conversion Sleeve and straight shank drills with tang. One sleeve 
outlasts numerous drills—replacement straight shank jobber drills are 
cheaper than those with taper shanks. 

Additionally this drive permits drilling to much closer centres than with 
the conventional straight shank drill chucks—more holes can be drilled 
simultaneously. 

A comprehensive range of DORMER Drills are available with tanged 
straight shanks. 

Descriptive brochure available. 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
SHEFFIELD ENGLAND 
DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 


>< DODDGH 


ECONOMY 


COLON TO 





CONVERSION SLEEVES AND 


TANGED STRAIGHT SHANK DRILLS 
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MIDGLEY & §S 


HILLIDGE WORKS 








Machine Tools 


Illustrated above is the No. 3 Richmond Vertical Milling 
machine selected by English Steel Corporation Ltd. from 
the extensive range of “RICHMOND” Milling machines. 
Built from the finest materials and incorporating first-class 
workmanship, all “RICHMOND” radial drills and milling 
machines are simple to set up, easy to adjust and combine 
high productivity with exceptional accuracy. 

Stocked by leading machine tool merchants throughout 
the country, “‘“RICHMOND” range the world over! 


Please send for fully comprehensive Richmond Milling and 
Drilling machinery literature to: 


UTCLIFFE LTD B00 


MUNSLET- LEEDS - 16 GROUP 


Telephone: 76032/3 Telegrams: ‘Tools’, Leeds, England Gea 
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ESL files 


the people 

who really know 
a good file 

ask for 

ESC everytime... 


ENGLISH STEEL 


TOOL CORPORATION LIMITED 
OPENSHAW, MANCHESTER 
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FOR THE 
BEST 


You don’t get ought for nowt—and in the plastic moulding business 
AEI Plastics don’t pretend to be cheap. If it’s large quantities of mouldings where 
dimensional stability and appearance do not matter, then AEI Plastics are not 
for you. But if you must have precision mouldings or a really high-class finish; 
if your product is worth the expense of limitless patience and experience— 
then call in AEI Plastics. We’ll break the back of the job or break 
our own in the process, but it won’t be cheap. Come to think 
of it, though, for what we do, it won’t be expensive either. 


ALDRIDGE, Redhouse Industrial Estate, Staffordshire 
Tel: ALDridge 52031 
LONDON S.W.1, 33 Grosvenor Place. Tel: BELgravia 1234 
MANCHESTER 13, 92 Oxford Road. Tel: ARDwick 4118 
SCOTTISH AGENT: R. Hudson, 125 West Regent Street, 
Glasgow, C.2 Tel: Central 2647 


TA/S/103/5379 
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starting something? 


Starting something? . . . like a Passenger Liner, or an Oil Tanker, perhaps . 

a project where you could use specialised knowledge and experience . . 
capital expenditure, you could supplement your own resources with additional 

Production of a specialised nature. 

It could be a job for The Pickering Group of Companies, where the traditional engineering 
skills of almost a hundred years of history are merged, most effectively with the 


. or 
. or, where, without 


advanced techniques of the Twentieth Century . . . techniques in the application of High 
Vacuum principles to Industrial problems, such as the manufacture 

of Vacuum Lifting Gear and Vacuum Clamping Machines that have been acclaimed by World 
Shipbuilders—the provision of Complete Off-Shore Oil Drilling Equipment—the 

abrication of Diesel Engine Bedplates, Gearboxes, Cranes and Tanks— 

and the building of High Vacuum Units for Metal Coating, Decorative Finishes 

and Optical Blooming. The Group is recognised as leaders in all aspects of Welding and the 
Fabrication and Manipulation of most metals. 

On a contract or sub-contract basis, The Pickering Group of Companies is daily providing a 
valuable service to many diversified industries. A Technical Consultant Service is 

available and your enquiries are invited 


- es _— | 


Vacuum Lifting Unit. For handling plates of 


varying lengths in lifts up to 6 tons. 


THE PIGKERING GROUP OF COMPANIES 


R. Y. PICKERING & CO LTD. 
hay 
VACUUM INDUSTRIAL 
APPLICATIONS LTD. 
DANIEL VARNEY LTD. 


WOODFIELD PICKERING LTD. 


Steel Fabrications — Stern Frames — Engine Bed- 
plates — Gearboxes — Crane Structures — Tank 
Work — Equipment for the Oil Industry 

High Vacuum Equipment — Melting and Sintering 
Furnaces — Metal Evaporation Units — Vacuum 
Casting Plant — Control Equipment, etc., etc 


Scientific Instruments 


Complete Off-Shore Oi! Drilling Equipment 


NETHERTON ROAD - WISHAW - LANARKSHIRE: SCOTLAND 


Telephone: *WISHAW 2142 
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Seven years hard labour. An ominous phrase...and applicable in our case 
because it is seven years since we introduced the Torque-Arm Speed 
Reducer into this country. Originally, a range of four reducers gave 
capacities up to 12 h.p. Today, there are sixteen sizes with output speeds 
ranging from 10 to 375 r.p.m. and capacities from half to 150 h.p. With 
shaft-mounted Torque-Arm you are free from baseplates, couplings and 
lining-up difficulties. Furthermore, you know that Fenner quality ensures 
that each and every one of these gearboxes will serve a full life sentence— 
with no remission for what will be outstandingly good conduct. 


iS 


ROQUE-ARM 


_ FENNER TO 


4 SPEED REDUCERS ARE OBTAINABLE FROM ANY OF THE FENNER BRANCHES LISTED BELOW 
AND ARE MADE ONLY BY J. H. FENNER & COMPANY LTD OF HULL 


For complete informative literature, send now to your nearest branch:— Belfast Birmingham 
Bradford - Bristol - Burnley - Cardiff - Glasgow - Hull - Ipswich Leeds - Leicester 
Liverpool London Luton - Manchester - Middlesbrough Newcastle - Nottingham 
Sheffield - Stoke 


FACTORIES OVERSEAS IN AUSTRALIA, INDIA AND SOUTH AFRICA 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 


“ P ees 
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The 
Right Angle 
on the 


Drive 


E.N.V. have exceptional facilities 
for the manufacture of spiral 
bevel and hypoid gears in sizes 
up to 72” and for the serial 
production of right-angle drive 
units for a wide variety of 


industrial applications 


Engineers who need right-angle 
transmissions are invited to 
communicate with the E.N.V. 
Design Department at the 


project stage. 











ge 
for Gears ., 


Can 

















E.N.V. ENGINEERING COMPANY LIMITED, HYTHE ROAD, WILLESDEN, LONDON, N.W.10 
Telephone: LADbroke 3622. AP88 
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OCKETEX 
thigh Tensile 


SOCKET SET SCREWS - SOCKET CAP SCREWS 
TEE BOLTS AND SOCKET STUDS 


SE T SCREWS. Manufactured to close tolerances from Chromium 

Molybdenum Alloy Steel hardened and tempered 
to ultimate tensile strength 100 tons/sq. in. with adequate elongation and impact 
properties and conform to the requirements of B.S. 2470-1954. 


SOCKET CAP SCREWS Made from Nickel Chromium Alloy 

Steel and completely Cold Forged. 
Hardened and tempered to ultimate tensile strength of 80/90 tons per sq. in. 
again conforming to B.S. 2470-1954. 





A 












































This method of manufacture produces a Cap Screw of 
great strength, improved fatigue resistance 
and dimensionally to very close tolerances. 











TEE BOLTS & Pewee oes mg 
SOCKET STUDS a LITERATURE a 


Made from Chromium Molybdenum Alloy v & 


Steel, the same as for Setscrews and heat i AND SAMPLES § 


treated to 75/85 tons tensile per sq. in. ' F REE 


ft ON 
SOCKETEX LIMITED ! request 
1077 KINGSBURY ROAD - ERDINGTON, 
BIRMINGHAM, 24 ENGLAND 


Teleph:ne: CAStle Bromwich 3741 Telegrams: ‘“‘SOCKETEX'’ BIRMINGHAM 
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Cast 
with 


Precision 


#% Aluminium and magnesium alloy castings by 
sand, die, shell and plaster mould methods. 


# Engine blocks and cylinder heads 
in high duty iron. 


%* Castings of the highest quality in the 
desired quantities at the right time. 


Magnesium Alloy Carriage 
* The greatest technical experience Casting for Canning ‘Uniflex’ 


augmented by quality control Buffing Machine. Weight 23 Ib. 
of production. By courtesy of 
W. Canning & Co Limited. 


i 


STERLING METALS LTD le! 


red 
PHONE NUNEATON 4221 ™ ¥ 
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Silent 
firefighter 


This fire ventilator saved a plant worth £3,500,000 
It could well save yours. 


As any fire chief will tell you, fire in an unventilated area quickly produces choking, super- 
heated smoke and fumes—conditions which keep firefighters out of the building and make 
effective firefighting virtually impossible. Perforation of the roof is the only remedy, but this is a 
hazardous operation which often endangers the life of the fireman. 


The Colt Dual Purpose Ventilator has a special device that’s acutely sensitive to heat. It opens 
automatically at a pre-determined temperature, releasing smoke, heat and fumes, keeping the 
fire localised. Firemen can enter the building, find the seat c” the fire and extinguish it—with 
minimum damage to plant and equipment. 


Colt dual-purpose ventilators have the added advantage that under manual control they can be 
used for normal plant ventilation and provide excellent day-to-day working conditions. 


Widespread adoption by industry is proof of managerial faith in the silent firefighter. 


DLT} Dual-Purpose Ventilators 


For information, write to Dept. 89: COLT VENTILATION LIMITED, SURBITON, SURREY. ELMBRIDGE 0161 
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‘Maranyl’ helps to 


make smooth work 


of egg breaking 


This photograph shows part of an Egg Break- 
ing Plan at Haughley Park —one of the most 
modern in the country. The eggs are brought 
to the breaking area, the liquid egg is carried 
to the bulking plant and the shells are re- 
moved to the disposal area by the hanging 
conveyors. These conveyors will always run 
smoothly and silently without lubrication, 
because they run on rollers made from 


‘Mara nyl 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - 


PN164 
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Clean Track’ Overhead Conveyor supplied by 
Messrs. Stewart Gill & Co. Ltd., 163 Bath Road, 
Slough, Bucks, and fitted with rollers moulded 
from ‘Maranyl’ 1.C' 1. nylon by Messrs. Punfield 
and Barstow (Mouldings) Ltd., Basil Works, 
Westmoreland Road, Queensbury London 
N.W.9, in operation at a modern egg breaking 
plant. This plant is operated by Messrs. John 
Rannoch Ltd., at Haughley Park, near Stow- 
market, Suffolk. 


‘Maranyl’ I.C.I. nylon. The use of ‘Maranyl 
also simplifies the vital job of keeping the 
conveyor clinically clean. 

I.C.1. Technical Service and Development 

If you would like fuller information about 
the properties and uses of ‘Maranyl’, I.C.1. 
Plastics Division Technical Service and De 
velopment Department will be glad to help you. 


*Maranyl’ is the registered trade mark for 


the nylon compounds manufactured by 1.CI. 


LONDON 





Mfht 

CARBON 

LOW ALLOY 
STAINLESS 

HEAT RESISTING 
MANGANESE 

AND WEAR RESISTING. 


Steels 





HADFIELDS LTD - EAST HECLA WORKS - SHEFFIELD - ENGLAND 
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SEIRION BY SATURN 


Each Saturn branch listed below stocks 
the Saturn Seirion D.C. Tungsten Argon 
Arc Welding Unit for immediate delivery. 
Developed specifically for the welding 
of stainless steel, nickel chromium alloys, 
copper and copper alloys, the 
uses a D.C. power source. 


‘Seirion’ 
It is, there- 


fore, ideal for site work. Operation is 
automatic and no ancillary equipment 
such as foot switches or economisers is 
required. Radio interference is negligible. 
The ‘Seirion’ is very compact and portable, 
measuring only 134 in. x 103 in. 
and it weighs 25 Ib. 


< 84 in. 


For welding equipment and gases and service—see Saturn ! 


SATURN INDUSTRIAL 
GASES LIMITED. 


‘Eri Wood’, Windiesham, Surrey 


Telephone: Bagshot 2441 


Branches: SOUTHALL. GLASGOW, ALDRIDGE, MANCHESTER, SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 




















the 
complete 
switching 
system 


Bl-Stat controls any automatic sequence of 
motor operation 





It does anything that electro-mechanical 
relays can do, without any of their accepted 
limitations. It will never do wrong. It will never 
need maintenance. What's more, it is far 
simpler to modify when the need arises 
WHAT IS IT? 

A system of logic units and amplifiers, which 
combine and sort input’ signals, then 
magnify them to drive the solenoids, con- 
tactors, etc., that initiate plant motions. 


WHY IS IT BETTER? 


Because Bl-Stat switching is entirely devoid 
of moving parts and contacts. Because 


Bl-Stat components are completely encap- 
sulated. 

Bl-Stat suffers no burn-outs, maladjustment, 
wear or corrosion, no sticking or fouling or 
fatigue. Bl-Stat works happily amidst dirt, 
oil, moisture and fumes. 

Bi-Stat is supplied as BHl-engineered 
equipment, or as components for your own 
systems. 

Write for publication ZB35 and consult BHI 
for the Bl-Stat answer to your control 
problems. Bi-Stat will solvethem permanently. 


BROOKHIRST IGRANIC 


Enquiries to: 
ii aie BI-STAT DIVISION + NORTHGATE WORKS -: CHESTER 
Group MAKERS OF BRITAIN'S WIDEST RANGE OF ELECTRICAL CONTROLS AND ASSOCIATED EQUIPMENT 


BI /60 
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Torrington Needle 
Thrust Bearing 


Compact valve design, easier operation 
with Torrington needle thrust bearings 


High thrust capacity, thin cross section and low unit cost 

have made Torrington Needle Thrust Bearings a natural choice 

for top valve performance. With Torrington Needle Thrust Bearings, 
only a fraction of the normal closing effort is needed. 

This puts less strain on the valve ...means smoother, more reliable 
operation. Lifetime pregreasing ensures peak efficiency over years 
of extra service life. Torrington Needle Thrust Bearings 

are exceptionally compact. They provide an assembled 

height of far less than any other type of thrust bearing. 

They may be run directly on adjacent hardened and ground surfaces 
or, as shown above, on standard Torrington thrust races. 

If you make gate valves, globe valves, angle valves—in fact 

any valve closed on a threaded stem—you’ll find it pays to 
investigate the top efficiency of Torrington Needle Thrust Bearings. 
Our Technical Representative will be pleased to call on you. 


THE TORRINGTON COMPANY LTD 


Torrington Thrust Race 


TORRINGTON BEARINGS 


Bearings Division: TORRINGTON AVENUE, COVENTRY 
LONDON & EXPORT OFFICE: 7-10 ELDON ST. EC2 
GLASGOW OFFICE: 530 WELLINGTON 8T. C2 





REVOLUTIONARY NEW 
Enables finished construction at 


400s fof Flor Area Per Day 








95% FACTORY BUILT - Terrapin building units are constructed 

under closely controlled manufacturing conditions from high quality 

materials. Each Terrapin “Building Unit" (the basis of all Terrapin 

construction) is completely finished in the factory incorporating 

interior and exterior decoration, glazing, roof coverings, floor cover- 

ings, and electric lighting installation. 

A BETTER BUILDING - FASTER- Transported to the building Leff to right 

site in folded condition Terrapin ‘Pack Units" can be erected to form BALTIC BLUE: 

single or multi-span buildings of almost any shape or size faster than eT 

by any other known system of construction. 

A QUALITY PRODUCT -High standards of workmanship and materials, backed by rigorous testing 
and inspection during manufacture, are the hallmark of Terrapin buildings. Proof of their quality and perform- 
ance is substantiated by an ever increasing demand from all branches of Industry, Commerce and the Social 
Services. 

MOBILITY - As quick and easy to dismantle as to erect, Terrapin‘t Pack Buildings" can be moved when you 
like - where you like - and as often as you like - speedily and at extremely low cost. 











BUILDING SYSTEM 


Terrapin pack building units can be used to create modern 


functional buildings of superb quality. They can be erected 


2nd to end and side to side to form buildings of almost any 


size and any ground plan, faster than by any other known method. 





















































Now 4 External Colour Schemes from 
which to cChoose............ 


....in addition to our standard external finish in varnished AFRICAN 


UTILE HARDWOOD. These new colour finishes are in highly durable, 


low maintenance textured paint. 


A full colour brochure and a copy of the Terrapin price list, which enables Z 
you to make up your own preliminary estimate of cost, will be mailed to you 


by return post. Complete the coupon and post today. 


TERRAPIN 


** Bring you tomorrows buildings today" 


TERRAPIN LIMITED 
Haddon House, Fitzroy Street, London, W.1. 


Telephone: Langham 0611. Private Branch Exchange. 


Telegrams: Terrapin Wesdo London. 


Pe 


Please send me by return post 
your “Brochure & price list”. 


Name 


Company 
Position in Company 
Address 
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For the 
Marine engine 
designer and 
shipbuilder... 






































S$ White Flexible Si ‘a 
Provides'a method of “!. 
manual contr _ 











In chess the major 
Pieces exercise 


REMOTE CONTROL 


For the same flexibility 
of manoeuvre in design 
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(Pit NG ="): Se f 





- a Se me, 


seaousT ws 
Britannia Works, St. Pancras - 
London, N.W.!. 


ae This is to say... 


“THANK YOU” 


hen a firm moves from its old premises into 

a specially built new factory—it’s a big day 
for all concerned. But we don’t feel big—we 
only feel grateful and appreciative. 











TO ALL FRIENDS andassociates 

we say again ‘“Thank you’’—we’ll always 
THE S.S. WHITE DENTAL MFG. CO. (G.B.) LTD. be glad to show you round our new 
IMBUYUSTRIAL OWVISIOGMN home. 


SPECIALIST MANUFACTURERS 
OF FLEXIBLE POWER AND 
REMOTE CONTROL SHAFTING 


Third Avenue, D gh Road, 
Bletchley, Bucks. 
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BELLOWS « 


solve problems AT SEA 





Expansion and 
contraction at high 
pressures taken up. 






































Problems of 
misalignment 
solved 





Tankers and their internal pipelines present problems peculiar to their 
Angular movement 


in any plane “calling”. Expansion joints in the steam tank-heating systems and the 
accommodated. 
increasing development of natural gas transport in tankers, brings 
in sub-zero temperatures and dismensional variation of pipelines. 
Teddington bellows joints are ideally suited to the mechanical! conditions 
imposed and, too, cater for the corrosive conditions attendant upon 


these modern fuel handling problems at sea and at the discharge dock. 


TEDDINGTON AIRCRAFT CONTROLS LIMITED 


BELLOWS DIVISION: TEILO WORKS « PONTARDULAIS - SWANSEA ° Phone: Pontardulais 591 
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price for 
Capacity 





PETERBOROUGH 
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With over half-a-century’s 

precision engineering experience 
and twenty years devoted 

to specialised development 

of jig boring machines, 

Newall proudly acclaim model 1520 
as an outstanding achievement 

in their long series of successes. 
Material, craftsmanship, 
performance and accuracy of the 
machine set a new standard for 
medium capacity jig borers, 
produced at a price which will appeal 
to the toolmaker or large user. 


principal 
features 


TABLE SIZE 15” x 20’ 


DESIGNED FOR TOOLROOM WORK 
OR LIGHT PRODUCTION BORING 


COMPLETELY SELF-CONTAINED 


12 SPINDLE SPEEDS 
IN RANGE 67-3,000 R.P.M. 


3 POWER FEEDS UP AND DOWN : 


SIMPLE TO INSTALL, 
OPERATE AND MAINTAIN 


NEWALL MODEL 


1520 


JIG BORING MACHINE 


ask for publication 106/58 





NEWALL GROUP SALES LIMITED 


8-9 


eee ers es RRR ae 








When location difficulties 
occur, an external circlip 
fitted to the bearing may 
be the solution. 


R3M ball journals 


are versatile 
AUCUECIETITE LI 


Further possibilities arise with notched rings 
for increased journal capacity, special 
manufacturing controls for high speeds, and 
special materials for high temperatures. 


Next time you have a bearing problem, 
remember that Ransome and Maries 
Technical Department would be pleased to 
offer you expert, impartial and 

confidential advice 


RANSOME & MARLES 
BEARING COMPANY LIMITED 
NEWARK-ON-TRENT 
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Where some thrust is 
combined with radial 
loads, a bal! journal, 
with correct internal 
clearance, can take it 


Quite often, opportunities to simplify 
and improve the efficiency of a 
design are missed—because the 
versatility of RAM ball journals has 
not been fully exploited. Their 
possibilities are not always appreci- 
ated. This is understandable since 
ball bearings themselves are an 
involved design study. 


Y enBo~s ae 
Where bearings must work 
in a contaminated atmosphere, 
built-in metal shields or 
synthetic rubber seals 
- may solve the problem 





Better Castings 





from a (BUHLER) 





Die Caster 


Very fast overall cycle speed - High 
injection force - Extremely high injection 
speed - Automatic interlocked cycle 
control 


Horizontal Die Caster H-800 

Locking force: 800 tons 
Machine sizes range from 50 tons up Injection force: 90 tons 
to 1,200 tons lock Shot capacity (Aluminium) : 29 Ib. 
for hot chamber and cold chamber Space between tie bars: 33 x 37 in. 
injection system Opening stroke: 30 in. 


London Sales Office: THE WOODHOUSE, COCKFOSTERS, BARNET, HERTS. 


BUHLER BROTHERS 
UZWIL/SWITZERLAND 
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Catalog ue of 


FOUR helpful publications 


Constant research has ensured that Walpamur Industrial Finishes 
meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 


CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 


metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 


epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: os 


> 
7m 


THE WALPAMUR COMPANY LIMITED Hod 2 
DARWEN AND LONDON —— 


© HER MAJESTY THE QUEEN 
MANUFACTURERS OF PamT 


s s : . . THE WALPAMUR CO LTO 
Paints, enamels, varnishes and finishes for every industrial need wen 


ARWEN | LANCS 
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THE RIGHT APPROACH 


WITH OSBORN ENGINEERS’ CUTTING TOOLS 


When drilling, reaming, turning, shaping and 
milling—or for any cutting operation ‘Mushet’ 
brands engineers’ tools are unsurpassed. Faster 
speeds and feeas ana longer life. 


Please send for illustrated brochures. 


SAMUEL OSBORN & CO. LIMITED 
CLYDE STEEL WORKS, SHEFFIELD 
STEELMAKERS - STEELFOUNDERS - ENGINEERS TOOLMAKERS 
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Main Grill Frame for 
Cannon “ SuperChef" 
Rotisserie-Grill. Cast 


by Birmingham 
Aluminiun Casting 


(1903) Co. Ltd., using 
(KD Alas steel dies. 
Photograph by courtesy 


of Cannon Industries 


T 4 () l| 6 4 T if weeinn Die Casting 


* (K{)Steels are electrically melted to close limits of analysis 
and regularity of properties. 


«x Die Blocks are ultrasonically tested. 
x Die steels are ready for quick delivery from large stocks. 
* Heat treatment service is available for all dies made from (KiE)Steels. 


(®®) A145 529, GHROME VANADIUM MOLYBDENUM DIE STEEL 
(KXE) 896 MEDIUM CARBON GHROME VANADIUM DIE STEEL 


Our local Technical Representative would be pleased to call on you to 
discuss your die casting problems at any time. Just "phone 

_ Head Office, Sheffield 22124; London, Bayswater 9131/2; 
Birmingham, Coleshill 2041/2. 


This booklet 


(KAYSER QELLISON §& CO.LTD) esrics ssi etait 


and ts available 
CARLISLE STEELWORKS, SHEFFIELD 4 free on request. 
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Talk to Sykes about the VIOB... 


for jobbing or small 


batch production 





The basic model V10B Vertical Gear 
Generator; the most practical 
approach to the problem of low 
cost, small batch, gear production. 
Not only reduces cutting times 

by up to 50% but increases machine 
utilisation by its exceptional 
simplicity of setting, operating 

and maintenance. 

Robust construction with increased 
pitch capacity. Infinitely variable 
speeds and feeds. Hydraulic 

Infeed with switch selected 

1, 2 or 3 cuts. Faster infeed; no 
cams to adjust. Rapid saddle 
traverse with adjustable drop-off. 
Adjustable off-set saddle for 
maximum feed rates. Setting time 
cut by one third. Ample reserve 

of hydraulic power for work 
clamping. Foolproof operation. 
PLUS... An extensive range of 
optional equipment and accessories. 


If you would like to know more 
about the VIOB for jobbing or small 
batch production, write 

for a copy of brochure P18/60. 








W. E. SYKES LIMITED . STAINES . MIDDLESEX - ENGLAND 
and associated companies : 
Sykes Tool Corporation Ltd., Windsor, Ontario, Canada. Sykes Machine & Gear Corporation 
Detroit, Michigan, U.S.A. W. E. Sykes Ltd., Mascot, Sydney, NSW, Australia. 
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TYPE OE 
SPEED RANGE 
700 to 0 r.p.m. COM PACT 
Size: 118” « 123” « 74” 
EFFICIENT 
EMBODYING ALL 
THE MECHANICAL 


ADVANTAGES OF THE 
LARGER P.I.V. GEARS 























The twelve inch . 
TYPE OA rule indicates relative MMi) iW Wi 
di ions. , is a 
SPEED RANGE ere POSITIVE INFINITELY VARIABLE 
4—1 
Size: 113” « 72” = 7%” 





The full range of P.I.V. Gears 
extends up to 50 h.p. 








STONE-WALLWORK LIMITED 


32 VICTORIA ST., LONDON, S.W.1 Phone: Abbey 7681 Grams: “Stonwalabb” Sowest, London 
WORKS: OLDHAM, LANCASHIRE 
Also Makers of Worm Reduction Gears, Piece Goods, Stamping Machines and Light Alloy Bobbins for the Textile Trade 
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Whatever your oil sealing problem there 
is sure to be a SuPerfect solution. Our 
many years of practical experience in 
dealing with oil sealing problems for 
the mechanical handling industry have 
resulted in our extensive range 
of rotary shaft seals, face type seals, 
hydraulic packings and ‘O°’ rings. 


SPECIFY SUPERFECT AND BE SURE 


OIL SEALS 


SUPER OIL SEALS & GASKETS LTD - BIRMINGHAM 30 
FACTORY CENTRE KINGS NORTON ~< BIRMINGHAM 30 Tel» KINGS NORTON 204! 
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HYDRAULIC POWE PACKS 


IN THEIR NEATEST FORM 


THE ‘MIDGET’ 

THE ‘MINOR’ 

THE ‘MAJOR’ 

THE ‘MIGHTY’ 

Keelavite power packs provide a range 
of self-contained hydraulic power units 
suitable for many widely differing in- 
dustrial applications. A large number 
of pumping capacities are available. 
All packs are so designed thatthe valves 
most suitable for the customer's re- 
quirements can be fitted. Standard units 
from the enormous Keelavite range 
are used. 


introducing an entirely new 
Power Pack of which you will want details 


The KEELAPACK 


A desk top console 
which houses the 
complete hydraulic 
system. Hydraulic 
and electrical con- 
trols neatly con- 
tained in minimum 
space. Custom 
built from standard 
components. 


: ’ |. @ —e es OA 
For full details write to KEELAVITE COMPLETE HYDRAULICS 


KEELAVITE HYDRAULICS LTD 


ALLESLEY - COVENTRY - TEL: MERIDEN 44! 
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holiday for 
the staff 


e « e When you install a 


- what a cost-cutting performance too! 


The supreme efficiency of the “Steam- 


packet” cuts fuel bills permanently 
and operates without constant staff 
supervision. It incorporates the very 


best practice in boiler construction. 
Write today for full details. 
STEAMPACKET 
THE CRADLEY BOILER COMPANY LTD., Pp ac bs ag. 
Cradley Heath, Staffordshire 


sae 
Telephone: Cradley Heath 66003 bo a é e r 
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INVESTMENT IN 
EXPANSION 


If capital expenditure is worrying you, get in touch with 
Unifinance. Unifinance specialises in financing all types 
of industrial equipment. This British company which 
is associated with American finance organisations, 
can offer you more flexible terms, geared to your own 


business needs—a new, more personal level of service. 





UNIFINANCE 


(U.K.) LIMITED 


103 MOUNT STREET - LONDON W.1 
Telephone: Grosvenor 7918 
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GASTROL INDUSTRIAL 


This new Universal Lubrication 
System represents the latest development in 
two-line centralised equipment. It is a 
typical product of the experience 
gained by the Castrol Group in 
nearly 60 years of designing preci- 
sion lubricating equipment. This 
System is based on a new positive 
dispensing unit which can be 
operated in parallel, or progressively, 
or in any desired combination of both. 
It eliminates the drawbacks of parallel or 
progressive systems, yet combines the 

best features of both. 


This Universal System, which 
dispenses oil or grease, is particularly 
recommended for industrial machinery 
generally, from the largest and most 
complex to the small and simple 
types. Castrol Industrial engineers 
will be eager to recommend the 
most suitable ways for you to 
obtain the advantages of this new 
System in your type of plant. A 
telephone call involves you in no 
commitment and may well be the first 
move in putting all your lubrication 

worries behind you. 


A new Castrol Industrial publication 
that should be in your file... 


A new booklet entitled ‘Universal Centralised 
Lubrication Systems’’ is the latest publication in the 
Castrol Industrial series of technical manuals. 

It is very informative and profusely illustrated. 
Post the coupon today for your own copy. 


POST THIS COUPON NOW Ss | 
P 


lease send my copy of ‘Universal Centralised Lubri- 
| cation Systems”’ to:— 


NAME 





ADDRESS OF COMPANY 








POSITION HELD . E.D 





| Post coupon to: Castro! Industrial Ltd., Castrol House, Marylebone 
Road, London, N.W.1. Tel.: HUNter 4455 
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THE BLUE PAGES 





@ THE GROWTH RATE OF OXIDE 
FILMS ON COPPER 
To provide basic data on the 
mechanism involved in the corro- 
sion of metals, the thin oxide 
films sometimes forming on metal 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





surfaces during the corrosion 
process are being investigated. In the case of 
films formed on copper surfaces, it was known 
that both cuprous oxide and cupric oxide are 
produced, and part of this investigation has 
been directed towards obtaining data on the rate 
of cuprous oxide formation and to ascertaining 
whether different concentrations of oxygen 
affect film formation and stability under 
controlled laboratory conditions. The single 
crystals of copper used in this study were of 
cylindrical shape, about % in. in diameter and 
1 in. in length, with their axes parallel to the 
(110) crystallographic plane, permitting flat 
surfaces to be cut on the crystals parallel to the 
(110), (111), (100), and (311) planes. The 
specimens were mounted in such a way that, as 
films formed on the various crystallographic 
planes during the oxidation process, they could 
be measured with a polarizing spectrometer. 
This instrument, also called an ellipsometer, is 
capable of measuring thicknesses down to +3A 
or even better by means of refractive-index 
techniques. 

In preliminary tests, the specimen was 
immersed in a solution of oxygen and pure water 
in equilibrium with pure oxygen at a pressure of 
1 atm. Comparative tests were then carried 
out with a 1% oxygen concentration, the total 
pressure being brought up to | atm by the 
addition of helium, followed by similar tests 
with 10% and 20% oxygen-helium atmospheres. 
From the results of these tests, it appears that, 
at low concentrations of oxygen, the cuprous 
oxide is the stable phase and that it grows to 
greater thicknesses than it does at high oxygen 
concentrations, when cupric oxide becomes the 
stable phase. In both high and low concentra- 
tions of oxygen, the (111) crystallographic plane 
exhibits the lowest rate of oxidation, possibly 





Readers desiring further information on any 
developments reported in THE BLUE PAGES 
are invited to write to the Editor. Copies of the 
full ications of any British patents men- 

, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent ce, 25 vay . 
Chancery Lane, London, W.C.2. Price 3s. 6d. each. 
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because it has the highest work function, i.e., it 
gives up its electrons less readily than all the 
other planes in the face-centred cubic space 
lattice of copper. 


From NBS Technical News Bulletin, U.S.A.., 
August 1961, pp. 134-135. 


@ IMPROVED UTILIZATION OF THE EXHAUST 
ENERGY OF DIESEL ENGINES 


Many reciprocating internal-combustion en- 
gines, particularly multi-cylinder diesel engines, 
use exhaust-driven turbo-superchargers, and 
various methods are employed to improve the 
utilization of the exhaust energy of these engines. 
In practice, however, it has been found that none 
of these measures has essentially resulted in a 
contribution to improving the transformation of 
exhaust energy into mechanical work. 

To overcome the inherent drawbacks of 
existing methods, a new method of utilizing 
exhaust energy has been devised, in which, 
instead of the usual exhaust piping, an ejector 
device, comprising a nozzle, an ejector chamber, 
and a diffuser, is connected to each exhaust port. 
The nozzle communicates directly with the 
exhaust port of the cylinder, while the diffuser 
discharges, at its larger end, directly into a pipe 
or manifold for conducting the exhaust gases of 
all the engine cylinders to a turbine, which 
drives a rotary blower for supplying the necessary 
air for scavenging and charging. The outlets of 
the ejector into the manifold are each provided 
with a non-return flap-valve, and the chambers 
of the ejector are connected to each other by a 
pipe to the exhaust pipe of the turbine. After 
the exhaust valve opens, an exhaust wave flows 
through the exhaust port of the cylinder directly 
into ths nozzle of the ejector. The high 
velocity of the gas discharged from the nozzle 
reduces the pressure in the ejector chamber, and 
part of the exhaust gases is drawn from the 
turbine exhaust pipe. The ejector transforms 
the kinetic energy of the exhaust gases into 
pressure, and these gases, volumetrically aug- 
mented by the quantity drawn from the turbine 
exhaust pipe, are compressed in the manifold. 
When the gas pressure at the end of the diffuser 
falls below that of the manifold, the non-return 
flap-valve closes automatically, preventing gas 
from flowing back into the ejector. 
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As a result of the additional quantity of 
exhaust gases drawn by the ejector from the 
turbine exhaust pipe, a depression is caused in 
the engine exhaust system (without, however, 
reducing its energy content), and a more 
perfect utilization of the exhaust pressure waves 
is obtained by their transformation into a more 
constant pressure level. At the same time, the 
suction effect of the ejector reduces the back 
pressure behind the exhaust valves, thereby 
reducing the work required by the pistons to 
drive the gases out of the cylinders and hence to 
increase the efficiency of the working cycle. 


From Brit. Pat. Spec. 876,957. 
Ceskoslovenske Zavody Naftovych Motoru, Prague. 


@ PRESSURE-COMPENSATED DEFORMATION 
GAUGES 


Designed to overcome the problem of 
measuring small changes in length in relatively 
inaccessible situations or in vessels containing 
liquids or gases, a new pressure-compensated 
deformation gauge is stated to be of simple and 
robust construction, to provide easy readings at 
any distance, with a total measuring range of 
about 10 mm and readings down to 0-001 mm, 
to have high resistance to humidity and tempera- 
ture changes, and to be suitable for use under 
high static pressures in gases or liquids. 

Operating on the principle of electric resist- 
ance strain gauges, the new gauge has a carrier 
element in the form of a simple deformation 


ring, rigidly connected to the gauge housing at 
one point on its circumference, with a feeler pin 
attached at its opposite point and projecting 
outwards through an accurately lapped bore in 
the housing. As the ring has to permit a con- 
siderable degree of deformation, it is flexible 


and very thin. It is therefore fitted with a 
restoring spring, which serves at the same time 
to counteract any friction between the feeler pin 
and the bore in the housing. The gauge, which 
has no bearings or joints, is rendered insensitive 
to small fluctuations in temperature by means of 
a compensating strain-gauge type of pick-up 
fitted on the side of the ring opposite to the 
measuring strain gauge and therefore operating 
in the same temperature zone. This arrange- 
ment can also be used, with the appropriate 
electrical connections, to double the sensitivity 
of reading. The housing is entirely filled with 
oil, and the gauge is sealed by a plastic membrane 
protected by a perforated cover. As a result, 
the pressure in the interior of the gauge is 
always equal to the static pressure outside, and 
there is no deformation of the housing at high 
pressures. 

The finished gauges are calibrated once only 
on special equipment and are then given a 
constant calibration factor, changes in resistance 
multiplied by the calibration factor giving 
NOVEMBER, 
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changes in length directly on a scale calibrated, 
for instance, in millimetres. Readings can be 
taken with any Wheatstone bridge, optimum 
results being obtained with d.c. bridges, which 
make it unnecessary to allow for wire quality 
and length. The leads from the Wheatstone 
bridge are soldered to readily accessible lugs on 
the outside of the gauge. 


From Sulzer Technical Review, Switzerland, 
No. 1, 1961, pp. 37-38. 


@ DYNAMIC HARDNESS- TESTING METHOD FOR 

GRINDING WHEELS 

Determination of the hardness of new 
grinding wheels is generally effected by static 
tests, none of which takes into account all the 
elastic factors so important to wheel perform- 
ance. It is now reported, however, that a new 
dynamic hardness-testing method has been 
evolved which not only takes into account 
elastic factors, but also results in a considerable 
saving of time and labour. In addition, it is 
stated that it provides a more reliable evaluation 
of wheel hardness. 

In the dynamic hardness-testing method, the 
wheel is mounted on the spindle of a lathe, and a 
conical cutter is drawn across the face of the 
wheel under test. The spindle of the cutter is 
mounted on a two-component lathe dynamo- 
meter fastened to the lathe cross-slide, the 
dynamometer measuring forces both vertically 
and horizontally. For testing, the cross-slide is 
set for the desired depth, and the cutter is fed 
across the wheel in either direction, crushing or 
cutting the wheel face. The surface velocities 
of the cutter and grinding wheel are the same, 
the wheel speeds being comparable with those 
used in production. During testing, the signal 
from the dynamometer is electronically ampli- 
fied and is automatically recorded as an ink 
trace on a strip of graph paper, the trace (which 
can be read directly in pounds) being a record of 
the crushing force. With a hard wheel, the 
crushing force is high; with a soft wheel, tested 
under the same conditions, the crushing force is 
low. The force recorded on the graph can be 
interpreted as being made up of three compo- 
nents, i.e., a crushing component, an elastic 
component, and a packing component. The 
initial contact of the cutter with the grinding 
wheel under test is elastic. As the forces build 
up, the individual grains are split or are broken 
away from the bond, the magnitude of the force 
being determined by the strength properties of 
the bond and the number of grains in the zone of 
contact. The packing component, which is 
essentially elastic, is confined to the crushing 
zone and normally has little practical significance. 

It is stated that a series of tests has indicated 
the feasibility of establishing industrial standards 
for grinding-wheel hardness by means of the new 
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method. It also appears that it may result in 
developing a basis for predicting chatter 
conditions in grinding operations, and that it 
can give information regarding the effect of 
machine rigidity on grinding behaviour. In 
addition, it should be useful for predicting 
differences in performance of the same wheel on 
different grinding machines and under diffeient 
grinding conditions. 


From The Tool and Manufacturing Engineer, U.S.A., 
October 1961, pp. 83-86. 


@ SUPERCONDUCTING MAGNETS 


Utilizing the principle of superconductivity 
at temperatures near absolute zero, a new 
magnet is about the size of a doughnut and 
weighs | Ib, but creates a magnetic field twice as 
strong as that from a conventional iron-core 
electromagnet weighing 20 tons and requiring 
100 kW of power to operate. By contrast, the 
new magnet requires the use of an ordinary 
motor-car storage battery for supplying con- 
tinuously only the few watts of power needed 
to overcome the small losses incurred by the 
wires leading to it. Stated to be the first of its 
kind, the new magnet is believed to enhance 
considerably the possibility of direct, large-scale 
generation of electrical power, as well as the 
development of more powerful atom-smashers 
and of a magnetic “bottle” for enabling the 
energy of the hydrogen-bomb reaction to be 


harnessed for useful power. 

The magnet contains about 2700 ft of wire, 
0-01 in. in diameter, made from an alloy of the 
superconducting metals niobium and zirconium, 
about 5000 turns of the wire being wound into a 
coil, 2 in. in diameter and | } in. in length, with a 


central hole of }4-in. diameter. The coil, 
immersed in a vessel of liquid helium, is kept at 
a temperature of about -—450°F, the energy 
required to cool the coil being only a small 
fraction of that needed to create a comparable 
magnetic field with a conventional electro- 
magnet. Despite its small diameter, the wire 
can carry a current up to 20 A and, as distinct 
from iron-core magnets, which begin to saturate 
at a flux density of about 20,000 gauss, the 
superconducting magnet has a flux density of 
43,000 gauss. In this connection, it is stated 
that some available superconducting materials 
have even better magnetic properties than 
niobium-zirconium alloys, but are at present 
more difficult to process in the form of fine wire, 
owing to their even greater brittleness. In any 
case, all superconducting materials of this type 
require extremely careful processing if their 
superconducting properties are to be preserved, 
and for these reasons the metallurgy of the most 
promising of these materials is being investigated. 
From Westinghouse Electric Corporation, U.S.A., 
October 1961. 
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@ IMPROVED METHOD OF COATING METALS 
WITH PHOSPHATES 


Conventional methods of coating metals 
with phosphates usually suffer from the dis- 
advantage that the coatings produced tend to 
have a coarse crystalline structure and to flake 
off comparatively easily. Also, attempts to 
produce finer crystalline layers by the addition 
of dehydrated phosphates to the phosphatizing 
solution are generally unsatisfactory, inasmuch 
as the hot acid solution tends to break down 
these phosphates, so that their grain-refining 
effects are diminished or entirely lost. 

It is now reported, however, that these 
disadvantages can be largely overcome, so that 
extremely thin and adherent finely crystalline 
phosphate layers can be produced on metals, 
especially iron and steel, by the addition of one 
or more salts of organic quaternary ammonium 
bases formed with strong inorganic acids, such 
as hydrochloric acid, hydrobromic acid, and 
sulphurous acid, to conventional phosphatizing 
solutions. These organic quaternary ammonium 
bases can be of many different kinds, in which 
the organic radicals are alipathic, aromatic, 
hydro-aromatic, cyclo-alipathic, or hetero- 
cyclic, and preferably contain at least 18 carbon 
atoms, typical examples of their salts being 
alkyl-trimethyl-ammonium chloride, di-isobutyl 
phenoxy - ethoxy - ethyl - dimethyl - benzyl - 
ammonium chloride, and hexadecyl-hydroxy 
methyl-trimethyl-ammonium chloride. Only 
small amounts of these salts need be added to the 
conventional phosphatizing solution, which may 
or may not contain the usual wetting agents and 
accelerators, the amount of salt added usually 
lying between 0-1 and 10 gm/litre, and preferably 
between 0°3 and 2 gm/litre. In general, the more 
salt is added, the finer is the resulting grain 
structure. In fact, it is possible in this way to 
produce phosphate layers which are so thin and 
finely crystalline that they can hardly be perceived 
by the naked eye. 


From Brit. Pat. Spec. 875,972. 
Gerhard Collardin G.m.b.H., Cologne, Germany. 


@ TEST TRANSMISSION LINE FOR 750 kV 

To mark the start of a five-year American 
research and test programme to develop the 
information and experience necessary to trans- 
mit large blocks of power at voltages up to 
750 kV, i.c., more than twice the operating 
voltage of present commercial systems in the 
U.S.A., a high-voltage test transmission line has 
recently been constructed, its main objective 
being to obtain data on the corona-loss and 
radio-influence performance of conductors at a 
nominal voltage of 750 kV. All tests will be 
completely instrumented, using magnetic-tape 
data-logging equipment, and the effects of 
various atmospheric conditions will be assimi- 
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lated into data for proper statistical analysis. In 
addition to corona loss and radio influence, 
readings will include temperature, relative 
humidity, air pressure, wind direction and 
velocity, and air contamination. 

The test site is laid out in such a way that 
power passes from a 138-kV tap through a 
disconnect switch to a _ 138/750-kV_ auto- 
transformer, and then to a 750-kV bus structure. 
Three three-phase lines, 2400 ft in length, 
originate at the substation bus, forming a 
T-shape. A control and instrument house is 
located in the 138-kV switchyard near the 
load-break switch and auto-transformer. Calcu- 
lations to select the optimum conductor size for 
750-kV operation were based on experience 
obtained from other high-voltage projects. The 
three-phase lines use bundled conductors con- 
sisting of four separate conductors in 18-in. 
centres for each phase. Simultaneous indepen- 
dent radio-influence readings can be taken on 
each of the three lines, decouplers or blocking 
filters for radio-interference frequencies, in- 
stalled between the lines, minimizing the 


interaction of radio noise. To prevent con- 
densation on the line, it is necessary to keep the 
conductor slightly above ambient temperature 
and, to produce current for this heating, the four 
conductors in each phase bundle are insulated 
from each other and are connected in series. 
This arrangement keeps the conductors warm, 


as in normal use, with a minimum drain on the 
power system. The heating current circulated 
is equivalent to a load of about 1000 MVA on 
each line. 


From Mechanical Engineering, U.S.A., 
October 1961, p. 66. 


@ CONVERSION OF SONIC INTO LUMINOUS 

EFFECTS 

Various methods of converting sonic effects 
into luminous effects have been proposed, using, 
for instance, resonating quartz plates or piezo- 
electric plates. These methods have, however, 
certain inherent drawbacks, such as size limita- 
tions in the case of resonating quartz plates and 
relatively complex and costly construction in the 
case of piezo-electric plates. To overcome these 
disadvantages, a new method of converting 
sonic into luminous effects has been developed, 
in which an electroluminescent layer is mounted 
between two electrically conducting layers, one 
of which comprises a transparent film of 
electrically conducting material applied to a 
sheet of glass. This film is coated with an 
electroluminescent layer, over which is applied a 
piece of silk gauze having, for instance, from 5 to 
10 strands per centimetre. A thin sheet of 
aluminium foil is stretched tightly over the 
gauze, which acts as a spacer and effectively 
divides the surface of the foil into a number of 
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discrete elements. Each element of the foil 
constitutes a diaphragm which vibrates under 
the influence of sound waves independently of 
the other elements and varies the capacitance 
between the two conducting layers, i.e., between 
the foil and the film on the plate. 

In operation, when a potential difference of, 
say, 500 V is applied between the two conducting 
layers, no light will be emitted by the electro- 
luminescent layer, except in those regions where 
the diaphragm is set vibrating by sound waves. 
The intensity of light emitted from each region 
will depend on that of the sound falling on the 
discrete element concerned, so that, when the 
electroluminescent layer is viewed through the 
glass plate, a luminous pattern, corresponding 
to the sound pattern on the foil, will be seen. 


From Brit. Pat. Spec. 880,817. 
Thorn Electrical Industries Ltd., London, England. 


@ NON-EXPLOSIVE, RADIO-FREQUENCY 
METHOD OF BREAKING ROCK 


Using radio-frequency electrical power, a 
new non-explosive method of breaking up rock 
has been developed and is stated to be about 
5 times more economical than secondary 
breaking with explosives in underground mining, 
and up to 25 times more economical than 
secondary blasting in open-cast mining, earth- 
moving Operations, and primary crushing of 
ores Or raw materials. The process is simple, 
dustless, and requires only routine safety 
precautions, without the need to evacuate 
personnel, as distinct from standard explosive 
techniques, which require drilling, fins ma of 
explosives, and evacuation of workers. 

In the new process, known as electrothermal 
forcing, electrodes are clamped to the rock and 
are connected to a source of high-energy radio- 
frequency power, creating a current-conducting 
path through the water trapped in the crystalline 
structure of the rock and comprising up to 5% 
of its bulk. Once established, this channel 
greatly decreases the internal resistivity of the 
rock, making it possible to pass the power 
through the rock between the electrodes. The 
resulting thermal stress is sufficient to split the 
rock along the path of conductivity. Although 
less force is required to break metal-bearing 
ores because of their lower initial resistance, the 
process can also be used successfully with hard 
rock such as granite and with rock materials 
normally considered non-conductive. Breaking 
up of the rock can be accomplished in times 
ranging from a few seconds to a few minutes, 
depending on the size of the rock and the 
method of applying power, and the forces 
applied can be controlled, as desired, to crack 
break into chunks, or even to shatter the rock’ 


From The General Electric Company, U.S.A., 
October 1961. 
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Electrical and Metallurgical Factors Affecting 
Welding-Arc Stability 


For weldments in which high quality and precisely 
controlled contour are of paramount importance, inert- 
gas-shielded tungsten-arc welding is an almost ideal 
joining process. However, although automatic voltage 
control affords precise and consistent results, arc 
instability or “arc blow” can repeatedly upset the 
inherently smooth and reliable operation of the system. 

The automatic control of tungsten-arc welding, as 
well as the fused-metal geometry, is dependent on an 
arc which provides a stable conducting medium. Arc 
length is controlled by measuring the potential drop 
between the electrode holder and the workpiece, melting 
occurring at a point which is the shortest electrical 
distance from the electrode. Where thin-gauge materials 
(0-01 to 0-15 in.) are involved and where high quality is 
required, arc blow can be considered synonymous with 
failure. For this reason, and based on the elimination 
of erratic arc operation in the production welding of 
missile components by the inert-gas-shielded tungsten-arc 
process, an investigation has been carried out to determine 
the primary causes of arc instability and to derive 
methods of forestalling it. This investigation was directed 
towards providing a practicable manufacturing process, 
rather than attempting a theoretical explanation of the 
phenomenon. All work was effected with available 
direct-current straight-polarity equipment, and tests were 
conducted on low-carbon alloy steel and on stainless 
steel, as most problems had arisen with these materials. 

A review of information concerning past arc-blow 
problems revealed that arc instability occurred under 
unrelated conditions, three distinct problem areas being 
apparent, i.e., (a) the properties of the materials being 
joined, (b) tooling materials and fixturing configurations, 
and (c) field forces. The causes, effects, and control of 
each of these problems are discussed separately below. 


Material Properties 


To determine the influence of heat-affected areas on 
arc stability, the edges of plates (0-08-in. gauge) of a 
low-carbon alloy (4330 M) were spot-heated to 1000°F and 
air-cooled to ambient temperature. The heated areas 
were approximately 14 in. in width and 14 in. apart, and 
the plates were butted together so that the heated zones 
were opposite the unheated zones. It was found that, 
during welding, the arc was repelled by the heated zones. 
Surface resistance tests showed that the heated zones had 
an electrical resistance of about 5000 micro-ohms, as 
compared with 500 micro-ohms for the unheated zones. 
Similar parts which had been grit-blasted or pickled did 
not deflect the arc, indicating that the electrical and 
thermal resistance of the surface oxide is a source of arc 
instability. 

To determine the effects of work-hardening, an 
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By J. E. Ginn 


From Welding Journal, U.S.A.., 
Vol. 40, No. 9, September 1961, 
pp. 942-946, 10 illustrations. 


unbalanced condition involving work-hardened and 
annealed steel was created by arranging patches of 50% 
hydrospun-reduced material alternately with annealed 
patches, the parts being cleaned with methyl! ethyl ketone. 
It was found that the welding arc was deflected towards 
the hydrospun patches. However, with hydrospun parts 
which had been pickled in hydrochloric acid and with 
annealed parts which had been pickled in nitric-hydro- 
fluoric acid, the arc was not affected, indicating once 
again that the surface condition was the factor influencing 
arc operation. 

Tests were also conducted on the effects of thermal 
hardening by heating alternate portions of the steel 
plates to 1500°F and quenching. This treatment yielded 
a hardness of Rockwell C50 on the heated portions, as 
compared with C18 for the unheated portions. The 
surface oxides were removed prior to welding, and it was 
found that the arc showed no indication of instability. 

To ascertain the effects of mill scale, portions of the 
steel plate were reduced by 0-002 in. on each side by 
chemical milling, and the plate was then pickled in 
hydrochloric acid. It was found that, during welding, 
the arc was definitely attracted to the mill scale. Surface- 
resistance tests indicated that the chemically milled areas 
had a resistance of 35 micro-ohms, as compared with 
80 micro-ohms for the pickled areas. 

The results of these tests indicate that surface condi- 
tion is the only material property of the low-carbon 
alloy steel which will cause an unstable welding-arc 
condition. 

Tests on stainless steel were confined to 17-7 precipit- 
ation-hardened stainless-steel plates of 0-10 in. gauge, 
heated and welded in the same way as the low-carbon 
alloy steel. It was found that the welding arc was 
attracted to the oxidized areas of these plates, but that 
this instability occurred only on certain heats of the 
material, as other heats displayed a complete indifference 
to surface oxide. Analysis of the base metal indicated 
that the aluminium content had a bearing on this 
condition. Thus, two heats containing respectively 
1-21 and 1-22% aluminium reacted to the oxide, while 
two other heats containing 1:11 and 1-14°%% aluminium 
were unaffected. If the higher aluminium content is the 
cause of the response, the question still arises as to why 
the arc deflected to the oxide, instead of to the pickled 
surface with its lower resistance (120 micro-ohms, as 
opposed to 5000 micro-ohms). The most striking 
difference in oxide composition was that the 
oxides attracting the arc respectively contained 21-5 and 
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253% chromium, while those not affecting the arc 
contained 5-3 and 17:8% chromium. It is possible that 
the conductivity of the affecting oxide increases at the 
elevated temperature present in the welding arc. 

To determine the effects of grain structure and 
magnetic properties on arc stability, two of the stainless- 
steel plates were heated to 1400°F for 14 hr and then 
cooled to 60°F, this treatment producing a martensitic 
structure with a hardness of Rockwell C35. Alternate 
areas of the plates were then annealed to a hardness of 
Rockwell C12, and all oxides were removed from the 
plates before welding. It was found that the arc was 
attracted to the martensitic structure, indicating that 
grain structure is a factor influencing arc stability. 

During these tests, it became apparent that erratic 
arc operation resulted from the entrainment of a “‘slag” or 
oxide spot in the molten pool ahead of the electrode. As 
the oxide spot moved to one side, so also did the arc and 
the weld bead. In severe cases, the deflection of the arc 
was so great that lack of penetration resulted. Analysis 
of the oxide spot revealed a composition of 38% alu- 
minium, 18% iron, and 2% tungsten, these being the 
only elements for which it was tested. Tests at elevated 
temperatures indicate that an oxide of such a composition 
may have less resistance than the molten steel at welding 
temperature. Problems occurred on heats of higher 
aluminium content, and it is this content which aggravates 
the arc-blow tendency with 17-7 precipitation-hardened 
stainless steel. 

In an effort to improve arc stability, several com- 
mercial fluxes and several “concocted” formulae were 
applied to the weld joint. These preparations offered no 
marked improvement or advantage. 


Tooling Materials and Fixturing Configurations 


Probably the greatest source of arc-blow problems is 
failure to ensure that the parts to be welded are rigidly 
held in the immediate area through which the arc travels. 
It must also be appreciated that tooling which is designed 
and fabricated for particular applications sometimes 
lacks electrical continuity and will distort the field of the 
arc as the electrode passes along the welding joint. 

Whenever practicable, non-ferrous materials, such as 
copper and aluminium, are used in that part of the 
tooling which is closest to the arc. When this application 
is not feasible, Type-301 stainless steel can be employed. 
Magnesium is finding an increasing use as a replacement 
for mild steel in primary fixture structure. All these 
materials are non-magnetic, because magnetic tooling has 
a great effect on the welding arc. Though this effect can 
be temporarily corrected by reverse polarizing, the chance 
of ruining assemblies makes magnetic tooling a most 
costly risk. 

Tooling configuration is a greater source of trouble 
than tooling materials. As welded shapes have become 
more complex, the number of fixturing components 
contacting the welded assemblies have increased. This 
has led directly to the two tooling conditions which cause 
are instability, i.e., field distortion caused by lack of 
contact with back-up support material, and field distor- 
tion caused by the air gap between the hold-down 
“shoes” or “fingers”. Though these may seem to be 
obvious problems, their combined effects can be baffling. 
Proper design assures intimate contact, with back-up at 
all points, and minimizes air gap between fingers. 

Heated tocling presents no particular problem if pro- 
per attention is given to the influence of the field. Infrared 
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tubular lamps have been used in the welding development 
of steel pressure vessels without any discernible effect on 
the arc. Induction heating can also be successfully used 
with proper coil configuration and location (usually 
some distance in advance of the electrode). 


Field Forces 


It is sometimes impossible to avoid long arc lengths 
in automatic tungsten-arc welding because of an assembly 
procedure or the necessity of producing a particular bead 
configuration. In these situations, field effects are 
particularly apparent. The design geometry of parts 
being joined is seldom considered from a welding 
standpoint. 


Fig. 1. Arc instability caused by field distortion. 


Field-distortion tests indicate that the weld joint need 
not be pressed into contact, though it must be in close 
contact. Arc instability caused by field distortion is 
illustrated in Fig. 1, in which lack of field symmetry at 
the initiation of the weld results from lack of metal 
beyond the end of the plate, causing the arc to deflect 
forward. As the electrode progresses, the air gap in the 
plates, as opposed by the cast weld behind, causes greater 
reluctance in advance of the electrode; thus, the field is 
distorted and the arc deflects to the rear. At the end of 
the weld, lack of material at the end of the plate causes 
even more field distortion and a greater arc deflection to 

(Concluded on page 94) 
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Tests on Cross-Flow Heat Exchangers with Tubes 


of Different Shapes 


IN heat-exchanger design, the endeavour is to obtain 
high heat flows with low energy losses for the flow media 
involved in the transfer of heat. The heat flow Q can be 
calculated from the relation 


Q=hAAT 3 24 = us ee 


where A is the heat-transfer coefficient, A is the heating 
surface, and ( T is the temperature difference between 
the heating surface and the flow medium receiving heat. 

The value of 4 T is to a large extent predetermined 
by the arrangement of the flow paths of the media 
transferring and receiving heat, and also by the permissible 
thermodynamic losses. By contrast, the heating (or 
cooling) surface A can be varied within wide limits by 
providing longitudinal or transverse ribs or fins. Ribbing, 
however, invariably results in a decrease of the heat- 
transfer coefficient 4, so that the product AA will be 
greater with ribbing than without ribbing, though not in 
proportion to the corresponding increase in the heating 
surface. 

The heat-transfer coefficient h for a specified flow 
medium can in most cases be increased only by altering 
the flow conditions Large heat-transfer coefficients are 
obtained with tubes in a transverse flow. However, heat 
exchangers of this type, consisting in most cases of tubes 
of circular section, produce very high energy losses, 
which have to be made up by means of pumps or blowers. 

The power P required by these circulating units is 
calculated from 


P=VAp +r ~ ‘i +s (2) 


where V is the flow volume of the circulated medium, 
and /\p is the pressure loss of this medium in the heat 
exchanger. The pressure loss Ap mainly depends on 
flow conditions, so that both pressure loss and heat 
transfer depend on the pattern of the flow, which is 
decisively affected by the shape of the tube cross-sections. 


Flow Pattern and Heat Transfer for a 
Single Tube 


Fig. 1 and 2 show flow patterns made visible by 
injecting a coloured liquid at ten equidistant points in 
the upstream end of two-dimensional models, almost all 
the energy loss of the flow being caused by the vortex 
trails. The vortex region behind the oval tube is much 
smaller than that behind the circular tube, so that it can 


Fig. 1. Vortex trail behind a circular tube. 
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From Mitteilungen der Vereinigung der 
Grosskesselbesitzer (VGB), Germany, 
No. 73, August 1961, 
pp. 260-276, 30 illstrations. 
be expected that an oval tube will cause lower losses. 

The course followed by the streamlines impinging on 
the tube at the stagnation point is of considerable 
importance for the magnitude of the vortex region. As 
shown in Fig 1, these streamlines cling to the wall of the 
circular tube up to points just beyond the transverse tube 
diameter, and then separate from it. By displacing the 
separation points further down-stream, it is possible to 
reduce the size of the vortex region. This is achieved 
with the oval tube, as shown in Fig .2. 

Displacements of the separation points, however, can 
also be caused by the state of the flow. With a circular 
tube, for instance, it is known that turbulent, instead of 
laminar, conditions delay flow separation, and also 
reduce the flow resistance to about 25° of its original 
value. 

In a cross-flow heat exchanger, the magnitude of the 
vortex region is limited by the distance between con- 
secutive tubes situated one behind the other. This tube 
arrangement also causes an earlier change from laminar 
to turbulent flow. Consequently, a bank of tubes of 
circular cross-section will have a lower flow resistance 
per tube than a single isolated tube under otherwise 
similar conditions. When oval tubes are arranged in 
banks, a comparable reduction cannot, however, be 
expected. 

The heat transfer for a single circular tube will now be 
considered. In Fig. 3, the local Nusselt number 
Nu = AL/k (where fh is the heat-transfer coefficient, k is 
the thermal conductivity, and L is a characteristic 
dimension) is plotted as a function of the peripheral 
angle @ and Reynolds number Re. The Nusselt-number 
distributions are given in Fig. 3a for large Reynolds 
numbers, and in Fig. 3b for small Reynolds numbers. 
From Fig. 3a, it can be seen that the Nusselt numbers on 
the upstream side of the tube are substantially similar to 
those on the downstream side, except at extremely high 
Reynolds numbers. It is therefore immaterial whether 
the flow clings to the tube wall (as on the upstream side) 
or is in a turbulent condition (as on the downstream side). 
The important fact is that, for a good interchange of heat 
between the tube wall and the flowing medium, it is not 








Fig. 2. Vortex trail behind an oval tube. 
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necessary to have an extensive vortex region behind the 
tube, so that a limitation of the vortex region wiil not 
have an adverse effect on heat transfer. 

The re-entrant (concave) portion of the curves in the 
vicinity of 90 deg. is due to flow separation. The 
transition to turbulent flow conditions at a Reynolds 
number of 426,000 gives rise to particularly high local 
values of Nusselt numbers behind the separation point. 
For low Reynolds numbers in the laminar-flow region, 
the heat transfer on the downstream side of the tube is, 
as shown in Fig. 3b, negligibly small in comparison with 
the transfer on the upstream side. However, conditions 
of this type hardly ever occur in tubular heat exchangers. 

To sum up, the above considerations show that 
vortex trails, which are the main cause of flow resistance 
and energy losses, are not essential for good heat transfer. 
The effectiveness of heat transfer is mainly due to free 
flow on the upstream side. An advantage of oval tubes, 
therefore, is that they give just as good heat transfer as 
circular tubes, with less flow resistance. Bank of tubes 
give less flow resistance per tube and better heat-transfer 
conditions than a single tube, though these improvements 
are less marked with oval tubes. 


Types of Heat Exchangers Investigated 


Of the types of heat exchangers investigated, those 
with tubes of circular cross-section (Nos. 1, 2, and 3 in 
Table 1) provided a basis for comparative assessments 
and enabled a study to be made of the effects of different 
longitudinal and transverse spacings. In all cases, a 
large number of rows was used, so as to have no appreci- 
able effect on the test results. A typical arrangement of 
circular tubes is that shown for heat exchanger No. 3 in 
Fig. 4, in which the dotted lines indicate the narrowest 
free cross-sections of the flow, as required for calculating 


Heat transfer for a circular tube in transverse flow. 


the maximum flow velocity in the 
heat exchanger. 

The dimensions of the cross- 
section of the smooth profiled tubes 
used in heat exchangers Nos. 4 
and 5 in Table I are shown in Fig. 
5, and those of the fluted profile 
tube used in heat exchanger No. 
6 in Fig. 6. Fig. 7 shows the 
dimensions of the finned tube used 
in heat exchanger No. 8, from which 
it will be seen that this tube has two 
tangential fins added to its circular 
centre portion. 

Fig. 8 shows the arrangement of 
smooth profiled tubes in heat ex- 
changer No. 4. The arrangement 
of the smooth profiled tubes in 
heat exchanger No. 5 was similar 

except that, because of its different spacings, it 
had only five rows of tubes in the direction of flow. Heat 
exchanger No. 6, with fluted tubes, had the same channel 
spacing as heat exchanger No. 5. Fig. 8 shows that, 
with the profiled tubes nearly touching each other at 
their outer ends, flow channels are formed with periodic 
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Fig. 4. Arrangement of circular tutes in heat exchanger No. 3 


changes in width and direction, the object of these 
channels being to provide increased turbulence and 
greater heat transfer. Fig. 9 shows the composite 
arrangement of smooth profiled tubes and circular tubes 
used in heat exchanger No. 7, while Fig. 10 shows the 
composite arrangement of finned tubes and circular 
tubes used in heat exchanger No. 8. In the arrangements 
shown in Figs. 8, 9, and 10, the outer ends of the profiled 
tubes project into the vortex regions of neighbouring 
tubes and this, according to a French patent of A. Huet, 
should result in improved heat transfer. 

Table I lists the main characteristics of the tubes in 
these heat exchangers in terms of their outer diameter do, 


TABLE I: HEAT EXCHANGERS WITH CIRCULAR, PROFILED, AND FINNED TUBES 








Heat Exchanger do dn ds 
Type [mm] {mm} [mm] 


Circular tubes 42-0 42-0 42:0 
Circular tubes 42:0 42-0 42-0 
Circular tubes 54-0 54-0 54-0 
Smooth profiled tubes 40-3 $3-5 
Smooth profiled tubes 40:3 53-5 
Fluted profiled tubes 41-0 $9-2 
Smooth profiled tubes and 
circular tubes 
Finned tubes and circular 
tubes 
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40-3 53-5 


am 


42.0 





ad ST Sr st/do 
[mm] [mm] [mm] 
33-5 6 140 70-0 
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Fig. 5. Dimensions of the smooth profiled tubes Fig. 6. Dimensions of the fluted profiled Fig. 7. Dimensions of the finned 
used in heat exchangers Nos. 4 and 5. tubes used in heat exchanger No. 6. tubes used in heat exchange No. 8. 
their inner diameter dj, their equivalent hydraulic circular-tube heat exchanger No. 3. Similarly, the 
diameter dn, their equivalent circular-tube diameter d,, properties of heat exchanger No. 8 can be compared with 
the number nr of rows of tubes transverse to the direction those of heat exchangers Nos. | and 2. 
of flow, the number nz, of row of tubes in the direction 
of flow, the transverse spacing sr, and the longitudinal 
spacing si. To make it possible to assign a characteristic , 
360 mm 
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Fig. 9. C i of smooth profiled tubes and 


Fig.8. Arrangement of smooth profiled tubes in heat exchanger detain juan On heat exchanger No. 7. 
No. 4. 


dimension L to the profiled tubes for evaluations of DIRECTION OF FLOW 
Reynolds number Re = wlp/7, where w is the flow 
velocity, 4 is the dynamic viscosity, and p is the mass 
density, the equivalent hydraulic diameters dp, were 
determined from the tube area A and perimeter s by 
means of the relation 


dn = 4A/s sa aX oe ba (3) 


The equivalent circular-tube diameters ds were also 
determined, using the relation 


de= sin .. i ne it fe (4) 


For the finned tubes, however, the outer diameter d_ 
of the circular portion was used, this being 42 mm, as 
indicated in Table I. The values of ds in Table I show 
that heat exchanger No. 4 with a smooth profiled tube 
was made from an initially circular tube with an outer 
diameter d, of 53-5 mm. Consequently, the properties 
of this heat exchanger can be compared with those of the 











Fig. 10. C t of finned tubes and circular 
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tubes in heat exchanger No. 8. 
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Fig. 11. Arrangement of oval tubes (a) in heat exchanger No. 27 

with the minor axis of the tubes in the direction of flow, and (b) 

in heat exchangers Nos. 28, 30, and 31, with the major axis of the 
tubes in the direction of flow. 


Tests were also conducted with heat exchangers 
having oval tubes, the major characteristics of these 
being listed in Table II. Fig. lla shows the arrangement 
of tubes used in heat exchanger No. 27, in which the 
minor axis dmin Of the tubes is in the direction of flow, 
while Fig. 11b show the arrangement of the tubes in 
heat exchanger No. 28, in which the major axis dmaj is in 
the direction of flow. The arrangement of tubes in heat 
exchanger No. 28, also used in heat exchangers Nos. 30 
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Fig. 12. Staggered arrangement of oval tubes used in heat 
exchanger No. 29. 


Fig. 13. Schematic arrangement 
of the test installation. 


TO WEIGHING 
APPARATUS 


and 31, creates flow channels which permit only a 
limited amount of fluid to pass from one channel to the 
next. By contrast, heat exchanger No. 29, shown in 
Fig. 12, uses an arrangement of staggered tubes, designed 
to promote mixing of the fluid behind each row of tubes. 


Test Installation and Measuring 

Equipment 

The test installation comprises an air-flow channel of 
the open-circuit type, shown schematically in Fig. 13. 
Air entering the inlet (1) flows into a transition section (2) 
and then passes through the heat exchanger (3) and the 
outflow section (4), after which it is drawn into a rec- 
tangular-section (400 « 355 mm) channel by means of a 
fan (5) and discharged. A hydraulic coupling (7) is 
interposed between the fan and its drive motor (6), in 
order to absorb any minor output fluctuations of the 
motor and hence to ensure smooth running of the fan 
and uniform air delivery. The fan has a nominal 
capacity of 18,000 m*/hr and produces a_ pressure 
differential of 700 mm of water. 

The heat exchanger (3) is heated by steam fed through 
a supply pipe (9) into an expansion chamber (8) which 
ensures a uniform distribution of steam around the heat- 
exchanger tubes. After passing through the heat 
exchanger, the steam passes into a pyramid-shaped 
receiver (10), from which the condensate flows out 
through a passage (11) into a calibrated measuring vessel 
(12), the level of the condensate being indicated by a 
sight gauge (13). All the heated structural components 
are thermally insulated, and the condensate vessel is 
provided with a steam jacket (14) which is supplied with 
steam by a pipe (15) connected to the main steam supply 
(9). In this way, any condensate forming in the supply 
pipes can also be extracted before reaching the heat 
exchanger and the measuring vessel (12), ensuring 
accurate measurements at low air velocities. Coarse 
control of air flow is achieved by varying the quantity of 
hydraulic fluid in the coupling (7) so as to alter the fan 
speed. Fine adjustments are made by means of throttle 
valves (16) and (17), and by an additional air-intake. 

During the tests, the air flow was determined by 
pressure measurements at a position immediately 
behind the inlet (1) by means of a micro-manometer (18). 
A similar unit (19) was used to determine the pressure loss 
of the air as it passed through the heat exchanger. Air 
temperatures before and after the heat exchanger were 
measured with thermometers (20) and (22). Because of 
the acceleration of the air flow in the nozzle (21), good 
mixing of the air was obtained, and the air temperature 
was therefore practically constant over 
the entire cross-section. Steam tempera- 
tures were checked with a thermometer 
(23). The heat taken from the steam 
was evaluated from the amount of 
condensate collected in the measuring 
vessel (12). As a check, the quantity 
of heat transferred was also evaluated 
from the measured air temperatures. 

From the measured quantities, the 
heat-transfer coefficient was evaluated 
by means of eq. (1). The value of AT 
was determined as the logarithmic 
mean of the temperature difference 
between the tube wall and the air, 
taking the steam temperature 7T;; as a 
sufficient approximation for the wall 
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temperature, and using the relation 
Tout aay Tin 
loge [( T st — Tin) /(T st - Tout)] - 


where Jin and Tout are the respective air temperatures at 
the inlet and outlet cross-sections of the heat exchanger. 

The value of the heat-transfer coefficient A was then 
related to the non-dimensional quantities governing heat 
transfer, i.e., the Nusselt number and Reynolds number, 
as previously defined, and also to the Prandtl number Pr, 
which is defined as 

Pr = yCp/k sf oi 5m a (6) 


where 7, is the dynamic viscosity, cp is the specific heat, 
and k is the thermal conductivity. As previously stated, 


the outer diameter d. was taken as the characteristic 
dimension L for circular tubes. For non-circular tubes, 
the evaluations were based on the equivalent hydraulic 
diameter d» in eq. (3), the use of which has been justified 
theoretically?. 

The pressure loss Ap was also measured and repre- 
sented by an equivalent non-dimensional resistance 
coefficient y, referred to one row of tubes and defined as 


y p/(Apw? /nz) . ; (7) 


where 7, is the number of rows of tubes in the direction of 
flow. The coefficient of specific resistance y depends on 
the Reynolds number and on parameters associated with 
the geometrical arrangement, which will be considered 
in the test results. 

(To be concluded) 


The Determination of Losses in Electrical Machines 
by Calorimetric Methods 


THE idea of determining the losses in electrical machines 
by calorimetric measurements was originally made some 
decades ago, and its technological features have been 
discussed in a number of papers. However, it is only in 
very recent years that the calorimetric method has been 
applied in practice! :?:3- 

As regards reliability and accuracy, the calorimetric 
method is quite equal to conventional methods of loss 
determination. In many cases, it is even superior to these 
methods, e.g., when the windage losses have to be 
determined separately. The calorimetric method is 
simple and has practical advantages, and enables 
measurements to be made, for instance, on a completely 
installed hydro-electric generator at the erection site, 
without removing the water from the turbine. 

Calorimetric determinations with either air or water 
as the flow medium give fully equivalent results, as has 
been verified in practice. Consequently, calorimetric 
measurements of losses can be made both in the primary 
air circuit and in the secondary cooling-water circuit. 
This finding is important because of the prevailing 
opinion that accurate air measurements are too difficult 
with large machines. It has been possible, with the 
improved measuring procedures available, to provide 
evidence that calorimetric determinations based on air 
measurements also reach the degree of accuracy desired. 
It is therefore possible to use the calorimetric method in 
plants operating with a fresh-air supply, in which case 
only a calorimetric procedure using air measurements is 
applicable. 

In order to assess the reliability of the calorimetric 
method, comparative measurements have been made on 
large hydro-electric generators, whose losses had already 
been determined by conventional measurements. Fig. 1 
gives the results of such investigations’. In_ this 
diagram, the difference between loss measurements made 
by the calorimetric method and by conventional methods 
is plotted against actual values. The solid circles refer to 
air measurements, and the open circle and triangles to 
measurements obtained from the cooling-water flow. 
The deviation between calorimetric indications and 
conventionally obtained values is less than 2% of the actual 
losses, and it is difficult to say which of the two methods 
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From Elektrotechnische Zeitschrift (ETZ), Germany, 
Part A, Vol. 82, No. 19, September 11, 1961, 
pp. 610-611, 2 illustrations. 

of measurement is more accurate. With regard to 
efficiency, a deviation of this size represents an error of 
less than 0-1°% for efficiencies of the order of 97°%%. In 
the two tests denoted by triangles, only the electrical 
losses are compared. Owing to differences in the method 
of mounting the turbine for testing at the maker’s works 
and the method of mounting at the actual erection site, 
the frictional losses determined in the test at the maker’s 
works were apparently too high and therefore could not 
be used in these comparisons. 


- Py (kW) 
Fig. 1. Difference in power loss AP, between calorimetric 
methods of testing and conventional methods of testing in terms 
of the actual power losses P, of various sizes of hydro-electric 
generator. 

The calorimetric method can provide measurements of 
individual losses, as well as measurements of total losses. 
Analyses of results from hydro-electric generators have 
shown that the sum of the individual losses deviates by 
less than 3% from the total losses measured under 
operating conditions. As it is frequently difficult to 
maintain the output of a machine constant during a 
total-loss measurement for the required measuring period 
of at least six hours, and the measurement of individual 
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Fig. 2. Power loss P, of an asynchronous motor, as determined 
at the erection site by calorimetric methods, in terms of 
relative loading. 


losses also allows a closer assessment of relationships 
between various quantities, it is an advantage to measure 
individual losses in tests on this type of equipment. 

The use of the calorimetric method will be necessary 
when assembly of the machine can take place only at the 
erection site or when a test at the maker’s works would 
involve unacceptably high costs. This applies particularly 
to large hydro-electric generators for which evidence of 
efficiency figures is required. The method, however, will 
also be useful in other applications, such as tests on 
large asynchronous motors whose losses could not 
previously be determined accurately, either on the test 
bed or at the erection site. 

Fig. 2 shows the results of such measurements on a 
large asynchronous motor, the total losses being deter- 
mined calorimetrically with air (solid circles) and with 
water (open circles) for various load conditions. These 
tests are particularly interesting, because it was possible 
in this plant to obtain calorimetric results from both air 
and water measurements. 

Special equipment has been developed for carrying 
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By P. Hessen 


From ASEA Journal, Sweden, 
Vol. 34, No. 6, 1961, 
pp. 102-106, 5 illustrations. 


A REMARKABLE transformer bank with a rating of 1000 
MVA—as far as is known the highest at present in 
existence—has recently been manufactured by ASEA 
and installed in the Swedish 400-kV system. This 
transformer bank, the data of which are given below, con- 
sists of three single-phase units and one spare unit. 
Rating: 1000 /1000 /333-MVA 
Rated voltage: 400 /217/20 kV 
Connection: Auto-star /delta 
Frequency: 50 cps 
Impedance voltages: 
400 to 217 KV, use 
400 to 20 KV, use 
217 to 20 kV, use 
Basic insulation levels: 
400-kV winding: 1500-900 kV, graded insulation 
217-kV winding: 900-375 kV, graded insulation 
20-kV winding: 125 kV 


8°, on 1000-MVA base 
10:2% on 333-MVA base 
7:3% on 333-MVA base 


out calorimetric measurements*. In addition to the flow 
rate Q [m*/sec] and the temperature rise AT of the 
coolant, which can be determined very accurately, it is 
also necessary to know the density p [kg/m*] of the 
cooling medium at the position of flow measurement, 
since the power loss P, is obtained in terms of the heat 
transferred to the cooling medium from the relation 


Pi cQp AT 


where c is the specific heat [watt-sec /kg°C] of the cooling 
medium, as taken from tables. If the cooling water 
contains air bubbles or other gases, the value of neither 
c nor Pp can be given accurately. The calorimetric 
measurement with water is then not applicable. 

The calorimetric determination of the heat flow 
emanating from a machine does not include all the losses 
occurring in the machine, so that bearing losses (if the 
bearings are situated outside the machine or are liquid- 
cooled) and convection losses from the walls of the 
machine to the surrounding air must be determined 
separately. For the bearing losses, a calorimetric 
procedure can again be used*. The heat flow from the 
walls to the outside air gives an additional contribution, 
which is, however, comparatively small for large machines. 
This can be estimated if the casing surfaces involved, the 
wall-surface temperature, and the ambient-air tempera- 
ture are known, by assuming a mean wall/air heat- 
transfer coefficient of about 10 W/m*-C. For large 
machines, the quantity of heat flowing away through the 
foundations and the shaft of the machine is negligible. 


REFERENCES 
(1) F. Aemmer: Bull. Schweiz. E.T.V., Vol.50, 1959, pp. 1165-1170. 
(2) K. Bitter: Elin-Zeits., Vol. 12, 1960, pp. 71-80 


(3) W. Liepe and W. BoLpiIn: Siemens-Zeits., Vol. 35, No. 3, 1961, 
pp. 166-172 


(4) K. Tosier: Messung der Lagerreibungsverluste. Escher-Wyss- 
Sonderheft “100 Jahre Wasserturbinenbau"’, p. 72 


a Rating of 1000 MVA 


Each single-phase unit: 
Weight, including oil : 
Transport weight: 
Length: 374 ft 
Width: 164 ft 
Height: 30 ft 

The transformers are designed for continuous operation 

at 110% rated voltage. 


259 tons 
187 tons 


Transformer Core 

To permit transport within the railway loading gauge, 
a five-limbed core design (Fig. 1) with windings on three 
limbs was adopted. This type of core has been used 
previously by ASEA for 400-kV transformers, but the 
detailed design of the core (built of cold-rolled grain- 
oriented steel) has changed considerably since the first 
transformers were supplied to the Swedish 400-kV 
system. 
Transformer Windings 

Both the 400-kV and the 217-kV windings are of the 
disc type, with all three limbs of each winding connected in 
parallel. The 20-kV windings are also identical on each 
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Fig. 1. Five-limb design of the 1000-MVA transformer 


limb. The 400-kV line entry is half-way up the limb. 
The 400-kV winding on each limb has two parallel- 
connected sections, thus permitting the same insulation 
level at the yokes as at the line end of the 217-kV winding. 

The entrance coils are provided with the same type of 
electrostatic shielding ring as previously used for all 
transformers of this voltage manu- 
factured by ASEA. In spite of the 
simplicity of design, this shielding 
arrangement gives a good voltage 
distribution in the windings, both 
between adjacent coils and to earth. 
The calculation of this voltage dis- 
tribution for 0-02 ysec full and 
chopped waves no longer presents 
any major difficulties. The internal 
insulation between adjacent turns 
and coils in the windings is de- 
signed to match the actual voltage 
distribution with approximately the same factor of 
safety throughout the whole winding. Impulse tests and 
power-frequency tests have been successfully carried out 
on each unit. 


C 


Short-Circuit Strength 

The transformers are designed to withstand safely the 
largest forces encountered under short-circuit conditions. 
Each winding is compressed by means of a series of 
drying, pressing, and impregnating processes to produce 
and maintain the correct height of the winding when the 
maximum pressure liable to occur under short-circuit 
conditions is applied. These preshrinking operations are 
carefully controlled, and experience has shown that 
windings checked during reconditioning after many years 
of service still maintain the same pressure when they are 
compressed to the same height. 

The available short-circuit powers in the connected 
systems are governing factors in the design of trans- 
formers of this size. To illustrate this point, a simplified 
example is given here, in which the current fed in from 
the 20-kV side is neglected. 

The impedance of 8%, on a 1000-MVA base sig- 
nifies a short-circuit current of 12:5 times the rated 
current with infinite short-circuit power in the 
1961 
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system. However, if the available short-circuit 
power is limited to, for example, 15,000 MVA 
(equivalent to a system impedance of 6-7% on 
a 1000-MVA base), the short-circuit current is 
reduced to 6°8 times the rated current. The 
forces in the windings are thus reduced to 
about 30°, of the previous value, indicating 
the important difference for these large trans- 
formers between infinite short-circuit power 
in the system and, for example, 15,000 MVA, 
which for smaller units may be considered 
as infinite without significantly influencing 
transformer design. 

The calculation of the short-circuit and 
earth-fault currents in the windings is, of course, 
more complex than the above example would 
appear to indicate. However, since all three 
parallel-connected limbs have similar winding 
arrangements, a symmetrical distribution of the 
fault currents in the three limbs can be 
assumed. The transformers can therefore be 
treated as three-winding transformers. 

The equivalent circuit for one phase based on 
measured values of the impedances is given in 
Fig. 2a, whereas the significance of the earthing condi- 
tions of the system is indicated by the equivalent circuit of 
the zero-sequence impedances for an earth fault on the 
217-kV side shown in Fig. 2b. 
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Fig. 2. Equivalent circuit for (a) short-circuit impedances and (b) zero-sequence impedances. 
Z:, Zz, and Z; are the impedances of the transformer bank referred to 400 kV, and Zo: and Z,2 are 


the zero-sequence impedances of the system. 


(1) 400-kV terminal 


(2) 217-kV terminal (3) 20-kV terminal 


When calculating the earth-fault currents in the 
windings, the method of symmetrical components can be 
used. The equivalent diagrams for the positive and 
negative components then consist of Fig. 2a supplemented 
by the addition of the system impedances. A simple 
calculation shows that about 85°, of the total earth-fault 
current has to pass the transformer windings. 


Bushings 

The bushings are among the largest ever manufactured 
for these high voltages, and the 400-kV, the 217-kV, and 
the neutral bushings are all of the draw-lead type. This 
allows mounting of the bushings without lowering the 
oil level in the transformer tank. 


Cooling Equipment 

Cooling is provided by ten forced-oil, air-blast heat- 
exchanger units for each single-phase transformer. Eight 
of these are mounted directly on the transformer, and 
two are set up separately. For each transformer, an air 
flow of approximately 4100 m*/min is required. The oil 
circulation of approximately 6000 litres /min for each unit 
is handled by five pumps. The cooling equipment is 
thermostatically controlled by the top-oil temperature in 
such a way that at any loading only the required number 
of coolers will be in service. 
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The Theory of Combined Steam- and Gas-Turbine 
Installations 


(Concluded from October issue) 


By C. Serppet and R. BEREUTER 


From Brown Boveri Review, Switzerland, 
Vol. 47, No. 12, December 1960, 
pp. 783-799, 8 illustrations. 


Recuperation Efficiency. 
Owing to the linear relationship between the heat to be 


recuperated R and the gas temperature 7, only the portion 
He is available to do work, i.e., 


\ logeT;/T, .. 
iR | : ae ae 
) ‘ ._-.* 


In this equation, 7, is the ambient temperature, L.e., 
that of the cooling water. 

The heat must be transferred to a working medium 
such as a steam circuit, as indicated by the dotted lines 
in Fig. 4. The three sections of the line represent 
feed-heating, evaporation, and superheating. The 


useful part of the heat contained in the steam, i.e., the 
“cycle efficiency”’, is given by 


npr ase. .. (10) 
h 

where AA and /\s represent the enthalpy and entropy 
absorbed by the steam generator. Since the temperature 
T’ in the steam circuit is lower than 7 in the gas, her< 4. 

The usable energy in the steam is utilized at the 
“thermodynamic” efficiency of the turbine 4a, which 
takes into account the losses in the turbine and generator, 
the power used to drive the feed pump, and the irreversi- 
bility of the feed-heating system and condenser. Hence, 


HR Hprfta .. = ca "ee 7 (11) 


When the recuperated heat is transferred to the 
feedwater, as in schemes C and D in Fig. 1, the output of the 
turbine, can be equated to the two amounts of heat 
applied to the circuit per second, ie., V Viv 
and R. Thus, 


P= 7en(V' + V’) + q4RR 


‘ 


where R is the recuperated power from the exhaust-gas 
temperature to the temperature corresponding to the 
highest bleed point, and V” is the power recuperated 
above the temperature determined by the highest bleed 
point. Hence V” is applied to the whole of the feedwater 
and can thus be added to the boiler. 

qj erR can be determined as follows:— T,, T;, T;’, and 
T,’ (Fig. 6) are stipulated, 7, being the given final 
temperature of the gas and 7,’ the given final temperature 
of the feedwater; 7; and 7,’ are given by the selected 
temperature differences of the preheater. Then R and 
the ratio of the division of the feedwater have to be 
determined, and the bleeding quantities taken from the 
thermal diagram of the turbine, in particular those 
quantities which would have been required to heat the 
diverted feedwater. The gain in output resulting from its 
remaining in the turbine can also be determined from the 
thermal diagram. 


90 


Gas-Turbine Output and Choice of Working Pressure 

The compression and expansion powers C and E 
per kg/sec of air are calculated with the aid of the 
following equations, the suffixes 0 and | referring to the 
stagnation conditions before and after the compressor 
blading, and 3 and 4 before and after the turbine blading 
(diagrams C and D). 

melt, Td x. re (12) 

T, Ton%e .. : - ne (12a) 


where = = p,/po is the compression ratio, 


| | T 
ae 
Cp i¢ 


is the polytropic exponent of the compression and 


(12b) 


Ne polytropic efficiency of the compressor 
blading 
R gas constant 


mm _ 
= teplts =F.) (13) 
Me 


7; T, (em)! : : (13a) 


where € = p;/py, the pressure ratio on expansion 
€ i ( 


or logee 


dp /p) 


Ldp/p, in which Lép/p is the sum of 
all pressure-drop ratios in the inlet and outlet 
pipes of the machines, piping, combustion 
chambers, heat exchangers, and, under the 
appropriate conditions, less the resistance on 
the gas side of the boiler. 


R 
aE NE 
Cptt 


is the polytropic exponent of expansion, 

hr = polytropic efficiency of the turbine blading and 

Mc, ME mass flows through compressor and turbine, 
respectively. 

With the aid of eq. (5), an attempt will now be made 
to obtain the compression ratio = which yields the 
maximum power gain and, because of the constant heat 
input, the maximum efficiency. Differentiating eq. (5) 
and equating to zero leads to 


d(P — Po) = d[(mer 


(13b) 


Htn) (E —C)—(ntn 
0 


nr) R] 


In this equation, R is variable if the energy is fed into an 
independent steam circuit, and also if the gas tempera- 
ture at the inlet to the recuperator is governed by a 
preceding flue-gas air heater, the latter influencing the 
choice of the bleed points. In contrast, R is constant 
when the gas temperature is prescribed only by the final 
temperature of the feedwater (schemes E and F). On 
this assumption d(E — C) = 0. 

The most favourable case is a gas turbine with the 
maximum output per kg of air per second, and not a 
turbine with maximum efficiency. From eqs. (12) and (13), 


d(E—C) —_ 


Cpe AT, Cok aT, 
Me 


THE ENGINEERS’ DIGEST 





dr 
Cpe Ac T; Tt 


or with 


Mr CpE GE ME 
1G 
Me Cpe aA Me 


Ti = nc T, ye S : (14) 


Since the inlet temperatures 7, and 7; are generally 
given, it is possible, with the aid of eqs. (12a) and (13a) to 
write 

a. + 4p) HG fT; 


EE T, 


nf (15) 
If, on the other hand, R is variable, then 7 x will also 
be variable. It is convenient to introduce the marginal 
value 7r, mg Of 42x, which originates from the degree of 
utilization of the last element of input heat dR. This 
occurs at the highest temperature 7;. Hence, its Carnot 
fraction is 1 T,/T;, so that, to a first approximation 
R, mg and yr may be substituted in this proportion. 
According to the definition of the marginal efficiency 


d (mn rR) Rs mg dR 


Since R = C, dR = dC while, according to eqs. (14) and 


(15) 


(14a) 


i 


€%¢ Ty 


When evaluating this equation, it must be borne in 
mind that zx is implicitly included in 7 2, mg. 

In the realization of an installation it is, of course, 
not necessary to adhere strictly to the optimum working 
pressure. The price and controllability of the machines 
may give rise to modifications which, provided they are 
not unduly large, only cause quite small, and therefore 
permissible, drops in the efficiency. However, the 
efficiency at optimum pressure should always be regarded 
as a measure of what can be attained. 


me“ + &p) me _\ no Ts (15a) 
Rs mg 


‘ 


Gas Turbines with Heat Recovery 


Considering first a gas turbine without any subsequent 
combustion, as shown in diagram G of Fig. 1 the previous 
stipulation that fuel input must be constant can in this 
case be discarded. 

If, in eq. (2), both V and He are assumed to be zero, 
it can be stated that nwH; — Z — (E — C) — R = Oor, 
with R = C—(Z— A) (see eq. (7)), nuHi = E+ A. 
The output is then 

P; Nhe (E C) T HRR — Pauxz 
and the efficiency is 
P; He (E- C) + 9rR— Pauz 
Hy (E + A)/nu 


In the second combustion chamber (diagram B), the 
fuel energy H2 which can be increased from 0 to Ho — Hy; 
is added. In the steam turbine, an additional amount of 
energy %:nNuH2 is produced. At the same time, the final 
air-heating temperature can be changed and the ratio of 
the first to the second fuel input shifted, without changing 
the efficiency of the installation. This might be necessary 





GT 
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if the gas temperature in the high-pressure boiler were 
not sufficiently high to realize the desired steam cycle. It 
raust then be remembered that, in subsequent equations, 
H,; and He are no longer the fuel heat inputs to the 
combustion chambers, but that H: is the heat needed by 
the gas-turbine cycle alone, and H2 the surplus above it. 

The efficiency of the combined installation—with 

variable amounts of excess air—is given by 

He 17 
(hth GH nen) F “a (17) 
the He part of the steam plant only being advantageous 
if %eaqu> er, in which case eq. (17) shows that He 
must be made as large as possible. This implies that, as 
for the plain steam cycle, an effort should be made to 
execute combustion with the smallest possible amount of 
excess air, so that the previous stipulation H; + He = Ho 
is justified. If, on the other hand, 4+nqn is smaller than 
her, it is preferable to substitute He = 0, ie., the 
second combustion stage is dispensed with altogether. 
A solution between these extremes never brings any 
advantage as far as efficiency is concerned. Nevertheless, 
it is sometimes selected when the relationship of the 
gas-turbine output to that of the steam turbine has to be 
shifted, either for economic reasons or to obtain full 
benefit from an existing gas or steam turbine. 

The results of investigations which have been carried 

out may be summarized as follows: 

(a) The superiority of a combined installation over a 
plain steam plant is given by eqs. (5) and (6). If, 
now, the ideal gas-turbine efficiency 

he lE C) + RR 

Har* = (18) 

; E 

is introduced, the numerator contains the output of 
a gas turbine with heat recovery and the denomina- 
tor represents the work of expansion which would 
be equal to the heat input to a gas turbine with a 
perfect heat exchanger and without any losses in 
the combustion chamber. If this ideal gas-turbine 
efficiency were substituted in eq. (5), the gain in 
efficiency could be expressed in the simple form 


v GT 


‘ ‘ 





" no = (qer* hth) (19) 


ee 

(b) The superiority of a combined plant over a plain 
gas turbine with heat recovery may be expressed 
equally simply if a further “ideal” gas-turbine 
efficiency is introduced, defined by yer** 
GT /Hn. 

This corresponds to the efficiency of the gas 
turbine with heat recovery, referred to the actual 
heat input to the gas, i.e., without combustion- 
chamber losses, so that 


nu He 
H 
(c) From the last two equations it is possible to 


derive the following criteria for the installation 
with the best efficiency : 


i — Fer (hth nor**) 


(20) 


Htn>Her* plain steam plant, 
her*> Htn>nHer** combined plant with additional 
combustion, 
Her hth gas turbine with heat recovery, 
but no additional combustion. 


The combined installation with additional heating 
is thus advantageous only when the thermal efficiency of 


1 





the steam cycle ya is between the limits ner* and yer**. 

Fig. 7 shows the efficiency of a straightforward steam 
installation yo and that of a combined steam and gas 
plant 7 for a temperature fs of 600°C and 750°C before 
the gas turbine, in terms of thermal efficiency y+, of the 
steam turbine. From this illustration it can be seen that 
an improvement of An = 7 — yo can always be achieved 


with the combined installation. The improvement 
Anno decreases with increasing 7:1, as may be seen in 
Fig. 8. With higher temperatures at the inlet to the gas 


t, = 750°C 
t, ~ 600°C 








20 25 30 35 40 45 50 
Fig. 7. Efficiency of a steam plant 7, and of a combined steam- 
gas turbine installation according to system D, in terms of the 
thermal efficiency 7.» of the steam turbine at a gas-turbine inlet 
temperature of 600 and 750°C. 








40 45 50 


Fig. 8. Improvement in efficiency (7/7, as a function of the 

thermal efficiency 7» of the steam turbine for installations 

according to system D, at a gas-turbine inlet temperature of 
600 and 750°C. 
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turbine the improvement is correspondingly greater. 

If, in a gas-turbine set, the air is compressed in n 
stages with intercooling, and expansion takes place in 
m Stages with reheating, it is no longer permissible to use 
the equations (15) and (15a) for m. For such cases, 
however, it is possible to derive appropriate equations. 

Since numerical investigations of systems including 
intercooling, even with recovery of the dissipated heat in 
a partial feedwater current, so far have resulted in 
deterioration of the efficiency and since, on the other 
hand, the gain with reheating has been very modest and 
obtainable only under definite conditions, it is believed 
that such combinations are not interesting for con- 
ventional gas-turbine inlet temperatures. 

If any importance is attached to the economics of a 
particular set under partial load, exhaustive investigations 
are necessary, and alternatives such as, for instance, the 
provision of a by-pass combustion chamber, a split-shaft 
gas turbine, or a gas-turbine set designed for the principal 
load and overload output from supplementary boiler 
fans, should be considered. 


Economic Comparison 


Primarily it is of interest to know which of the 
systems A to G is the most economical. One variant, 
i.e., scheme B, can be eliminated straight away, since it 
was merely introduced for fundamental reasons and is 
obviously a good deal more expensive than C, besides 
having a poorer efficiency. 

System F can only be recommended in preference to 
E in special cases. Admittedly, it offers a proved 
thermodynamic advantage, but this is quite insignificant. 
If a plant is only intended to supply heat and no electricity, 
or if, for any reasons, as much as possible of the power 
gain is to be obtained from the steam turbine and as little 
as possible from the gas turbine, system F will be adopted. 

Compared with system C (without air heater), 
system G is rather at a disadvantage from the efficiency 
aspect, but is nevertheless very interesting in situations 
where, for other reasons, a gas turbine is employed as the 
main machine. 

In the following remarks, only the systems A, C, D, 
and system E without air heater will be compared with 
one another. The installations were first calculated 
thermodynamically with oil as the fuel and the prices 
estimated as accurately as possible in the limited amount 
of time available for this investigation. 

As a result of these investigations it can be stated 
that system E without air heater is by far the most 
favourable variant. Not only is the improvement in 
efficiency of this installation greatest, but the installation 
cost per kW is also lowest. This low cost is mainly due 
to the boiler being pressure-charged, implying, according 
to latest investigations, that appreciable savings in 
weight and price can be anticipated. 

Comparison of the four systems also works out in 
favour of system E for other fuels, such as natural gas or 
blast-furnace gas. This conclusion ought also to apply 
for coke-oven gas, although this has not been investigated 
in detail. For coal-burning systems, it is only feasible to 
employ system A or D, the former being obviously 
preferable from the cost aspect. If several fuels have to 
be used, the installations naturally become more com- 
plicated, although liquid and gaseous fuels can both be 
burned in plants of system E. If coal is added to these, 
it will be better to adopt system A and connect it in 
parallel with E on the steam side. 
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Stratified-Charge Systems for Spark-Ignition Engines 


STRATIFIED-CHARGE operation is an attempt to confer on 
spark-ignition engines the advantages of the variable 
mixture ratio enjoyed by diesel engines. Also, because a 
stratified-charge engine operates with a large amount of 
excess air under normal conditions, cleaner and more 
complete combustion can be obtained. 

In normal spark-ignition engines, a nearly homo- 
geneous fuel-air mixture is supplied by a carburettor, 
ignited at one place by a sparking plug, and consumed 
by an advancing flame front which traverses the com- 
bustion chamber. The fuel/air ratio is held approxi- 
mately stoichiometric, since only such mixture ratios can 
reliably support flame propagation. Power is controlled 
by a simple throttle valve. 

The stratified-charge engine uses a non-homogeneous 
fuel-air mixture, which is stoichiometric near the sparking 
plug at all loads and which varies from stoichiometric 
at full load to air alone at light load in regions remote 
from the sparking plug. The heterogeneous mixture 
serves to increase the ignition energy, so that a rapid 
rate of combustion is maintained and the mixture kept 
ignitable. 

Various techniques have been developed for produc- 
ing the required mixture distribution, two of the most 
important of these being the system devised in the U.S.A. 
by Broderson, and the system devised in France by the 
Institut Francais du Pétrole. 


EXHAUST VALVE — INJECTOR — c— SPARKING 


PLUG 
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Fig. 1. Design of combustion chamber used in the Broderson 
system for producing charge stratification. 
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In the Broderson system, use is made, as shown in 
Fig. 1, of an auxiliary chamber containing the intake 
valve, the sparking plug, and a fuel injector. Operation 
of the engine is based on the reversal of air-flow direction 
when the piston passes its bottom-dead-centre position. 
Fuel injected into the auxiliary chamber during the 
suction stroke is carried into the main chamber by the 
incoming air. Fuel injected during the compression 
stroke is held in the auxiliary chamber by the back flow 
of air and mixes only with the air in this chamber. Under 
light loads, injection takes place only during the early 
part of the compression stroke. Since no fuel is carried 
into the main chamber during compression, only air is 
present in this chamber. Under higher loads, the 
injection period straddles the bottom-dead-centre 
position, so that more fuel enters the main chamber. 
Consequently, a near-stoichiometric mixture surrounds 
the sparking plug at all loads, while the fuel/air ratio in 
the main chamber varies from near-stoichiometric at 
full load to very lean or only air at light load. Under 
heavy loads, the main chamber contains an inflammable 
mixture, and combustion occurs in the normal way. 
Under light loads, however, the mixture in the main 
chamber is too lean to support flame propagation. 
Combustion of this lean mixture results from the rise in 
pressure and temperature caused by the burning mixture 
NOVEMBER, 
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in the auxiliary chamber and by the blast of the hot 
reacting gases being injected into the lean mixture from 
the auxiliary chamber. 

Work on the Broderson system is continuing, and 
four different engines have so far been converted, each 
with a radically different combustion-chamber arrange- 
ment. All these engines have operated satisfactorily and 
show that this method of stratification is not critical with 
respect to design characteristics. They have, however, 
behaved differently with regard to the degree of roughness 
and noise produced, and also in the spark advance 
required by each, indicating that variations in combustion- 
chamber design can control the gas-combustion process 
by changing the mixing and turbulence patterns. All 
four engines have shown themselves to be relatively 
insensitive to deviations from the optimum values of 
such operating parameters as spark advance and injection 
timing. At present, only gaseous fuels have been used 
with these engines, but reconversion to liquid injection is 
planned. 

With the Broderson system, very good fuel economy 
has been obtained over almost all the load range of the 
engine. The only exception is a fuel-consumption peak 
in the middle of the load range, where a sharp rise is 
encountered, apparently at a point where the mixture in 
the auxiliary chamber becomes over-rich and some fuel 
must be carried into the main chamber. It is suspected 
that the reason for this rise in consumption is insufficient 
turbulence and mixing of the burning products from the 
auxiliary chamber with the lean mixture in the main 
chamber, resulting in slow or incomplete combustion of 
the main charge. Good fuel economy is again obtained 
as the load is increased beyond the middle range. It is 
believed that the use of a higher compression ratio may 
cure these mid-range troubles, and that changes in 
combustion-chamber configuration to improve fuel 
distribution and promote turbulence and mixing of the 
burning gases ejected from the auxiliary chamber with 
the lean main-chamber mixture may also help in this 
respect. 

The system developed by the Institut Frangais du 
Pétrole (IFP) is different from the Broderson system, and 
uses carburation to form the heterogeneous mixture, the 
mixture being produced in the combustion chamber 
merely by dividing the carburetted mixture into two 
separate streams with completely different fuel/air 
ratios. Fig. 2 shows an IFP-Renault-CNRS engine 
modified for heterogeneous carburetion, the only 
alteration to the engine being the addition of a small- 
diameter tube in the intake port for discharging the rich 
mixture as close as possible to the intake valve. The 
encircled numbers in Fig. 2 show alternative sparking- 
plug positions, position No. | proving to be the most 
satisfactory. 

Tests with the IFP engine have shown that the localized 
increase in the fuel /air ratio in the vicinity of the sparking 
plug is sufficient to provide satisfactory combustion of a 
mixture with a low overall fuel/air ratio. Satisfactory 
operation has been obtained with this engine for a 
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Fig. 2. The IFP-Renault-CNRS engine modified for hetero- 
geneous carburetion. 

relative mixture-strength ratio (i.e., that of the prevailing 
fuel /air ratio to the stoichiometric fuel /air ratio) down to 
0-55 and up to a value in excess of unity. By comparison, 
the minimum value for normal carburation is 0-85. To 
change the fuel/air ratio, fuel is added to the intake air 
to obtain the desired output. In this way, the hetero- 
geneity of the mixture is lowered as the overall value of 
the relative mixture-strength ratio increases. 

Specific fuel consumptions equal to or better than the 
minimum values obtainable with normal carburation are 
achieved with the IFP system. Because the engine can 
be operated at full load, as though it had standard 
carburetion, no decrease in the maximum output occurs, 
other than that due to decreased volumetric efficiency 
caused by the presence of the rich-mixture tube. Under 
50% and 100% load conditions, regulation is obtained by 
varying the fuel only, as in diesel engines. Under loads 
below 50%, output is controlled by throttling, as with 
conventional carburetion. The minimum values of 
relative mixture-strength ratio lie between 0-55 at full 
throttle and 0-65 for idling, but deviations from these 
values are tolerable—more so than for normal carbure- 
tion, where deviations in relative mixture-strength ratio 
cause larger increases in specific fuel consumption. 

Ia these tests on the IFP engine, two carburettors were 
used, one for the rich-mixture tube, and the other for the 
standard intake pipe, changes in overall fuel/air ratio and 
heterogeneity of the mixture being effected by manual 
adjustment. In practical applications, these adjustments 
must be made automatically, and only one carburettor 
should be used. In this connection, a single-carburettor 
induction system has been proposed, in which use is 
made of two interconnected butterfly valves to keep the 
fuel/air ratio constant in the throttling range, a third 
butterfly valve being used in the unthrottled range to 
direct a portion of the rich mixture into the main 
induction pipe. 

Because of the rich environment, it was originally 
believed that trouble would be experienced in the form of 
sparking-plug fouling and deposits in the rich-mixture 
tube but, in fact, none of these troubles developed. The 
lean mixture might ordinarily cause early deterioration of 
the exhaust valves with normal carburetion, owing to 
slow combustion. In the IFP system, however, as in 
diesel engines, the problem does not arise, because an 
adequate rate of combustion lowers the exhaust-gas 
temperature in proportion to the decrease in the fuel /air 
ratio. 

With unthrottled operation at fuel consumptions 
lower than the minima obtained with normal carburetion 
no measurable quantity of carbon monoxide could be 
found. It should be noted that, with normal carburetion, 
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the carbon monoxide content of automobile exhaust 
gases varies greatly with carburettor adjustment and 
operating conditions and is negligible only when the 
relative mixture-strength ratio is below 0-95. When this 
ratio is 1-05 (a more likely value), the carbon monoxide 
content is 2°% and, under idling conditions, varies from 
2 to 6%. By comparison, the IFP engine was found to 
have a carbon monoxide content in the exhaust of 
0-008 °%% when idling with a partially closed throttle and 
with an overall relative mixture-strength ratio of 0-65. 
As full load is approached, the IFP system approximates 
the conditions found with normal carburetion, and the 
carbon monoxide content is the same in both cases. 
However, if the output were reduced by 5%, the carbon 
monoxide problem would be eliminated. 





Electrical and Metallurgical 
Factors Affecting Welding-Arc 
Stability 


(Concluded from page 82) 

the rear. Closure of the plate gap will eliminate the field 
distortion in the centre of the weld. End symmetry 
is achieved, often unwittingly, by the use of run-out tabs. 

Fig. 2 shows field dislocation caused by asymmetrical 
metal distribution. Reluctance is increased in the region 
of the circular opening, from which the arc deflects. 
This problem can be alleviated by temporarily filling the 
opening with a close-fitting plug of conductive material. 
The most suitable filling material can be determined by 
experimentation. 


Fig. 2. Arc instability caused by an asymmetrical welding 


assembly. 

Magnetic manipulation of the arc has been explored 
for improving arc stability in welding 4330 steel and for 
achieving improved welded properties in aluminium. By 
clamping a transducer on an electrode holder, it is 
possible to oscillate the arc in a frequency range between 
3 and 10 cps. As expected, the arc deflection is normal 
to the field of the laminated electromagnet. Polarity 
reversal permits considerable deflection of the arc to 
either side of the electrode, the range of deflection 
being limited by automatic voltage control. Deliberate 
deflection of the arc causes the apparent arc voltage to 
vary, and the voltage control picks up this variation. A 
sensitivity control allows a variation of 0:2 V. With 
greater signals, voltage-control hunting becomes a prob- 
lem. Slight oscillation improves both the top and the 
bottom bead configuration on 4330 steel. Magnetic 
manipulation produces welded properties in aluminium 
comparable with those obtained under normal conditions. 
It must, however, be appreciated that, as this procedure 
is so complex, it has little more than a novelty value. 
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How much do you know about 
SILICONE FLUIDS 


Did you realise that they have: 

w@ Exceptional thermal stability 
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The Machining of Difficult-to-Deform Metals 


By W. S. Ho tis, B.Sc., Ph.D., A.F.R.Ae.S., M.1I.Prod.E.t 


As the speed of airborne vehicles advances beyond 
Mach 2:2, the use of conventional light alloys as structural 
metals is no longer possible. The criteria for selection of 
the alternative metals are high strength, a high modulus 
weight ratio, and good strength /temperature characteris- 
tics. It follows that those metals with relatively high 
density require to be very strong to become competitive 
in the extent of their use and, since hardness is a function 
of strength, they will be difficult to machine. Most 
refractory metals have a low conductivity and specific 
heat. The crystal structures and slip mechanisms of other 
preferred materials are resistant to deformation. 
Collectively, the machining of those metals which are 
attractive as constructional materials for higher super- 
sonic speeds produces problems which have demanded 
many changes in the established methods of metal 
cutting. 

Basically, there exists only a small margin between 
the strength of hardened ultra-high-tensile steels and that 
of the available high-speed tool materials. As much 
rough-machining as is practicable is consequently carried 
out in the annealed condition. Finish-machining to 
close-tolerance dimensions must, however, be effected 
in the hardened state to permit correction of distortions 
arising from heat treatment, so that, whilst the extent of 
the task can be curtailed, it cannot be avoided altogether. 


DIRECTION 
OF CUT 
- 


SECOND PASS 


Fig. 1. Variation in depth of cut produced by consecutive passes 
whose paths are modulated by an impressed vibration upon the 
steady feed condition. 


Engineers have hitherto shown a reluctance to use 
cemented carbides on account of their well-known 
fracture characteristics under impact loading. Although 
entry and exit conditions produce the widest stress 
fluctuations at the tool cutting surfaces, machine-tool 
vibration also contributes significantly. Vibration arises 
from non-linear transmissions resulting from drive errors, 
slide and bearing imperfections, eccentrically mounted 
or ground cutters, and insufficient stiffness or damping 
in the structure, tool-support, or work-holding fixtures. 
Collectively, these results produce instability modes, 
during which the depth of cut and value of the applied 
cutting forces fluctuate widely and lead to rapid tool 
wear. Fig. 1 illustrates the variation on depth of cut 
produced by consecutive passes, the paths of which have 
been modulated by an impressed vibration upon the 
steady feed condition.* Consecutive passes of the tool 
produce on the cut surface a regeneration of the undula- 
tions existing at the previous pass, the amplitude and 
phase being modulated in accordance with the cutting 
conditions. If the amplitude of B in Fig. 1 is smaller 


than that of A, stable machining conditions are 
approached. If the amplitude of B exceeds that of A, 
the instability persists. 

The amplitude of the variation about the steady-state 
cutting force is obviously dependent on the material 
being cut, and the effect is more serious with harder 
materials. From this aspect, arbor-mounted cutters 
should be avoided or should be selected with the largest 
possible diameter and adequately supported at each end 
to effect maximum stiffness in the cutting system. Shank- 
mounted cutters, preferably supported at the spindle nose, 
offer improved stiffness and produce the best cutting 
conditions. Essentially, heavy-duty cuiters require an 
adequate body and tooth section. With carbide inserted- 
tooth or brazed-tip cutters, the supporting section and 
insert or tip require generous dimensions. Brazing 
must not be suspect and must be carried out in a 
controlled furnace. Cleaning by vapour-blasting and 
copper deposition prior to brazing should ensure 
uniformity and consequent freedom from catastrophic 
breakdown. 


Speeds, Feeds, and Depth of Cut 


Provided that the machine tool and spindle drive 
system are sufficiently rigid and adequately powered, depth 
of cut does not exert a significant influence on steady-state 
cutting conditions, any adjustment bringing into 
engagement a wider band of the cutting edge. An 
increase in cutting speed, however, increases the shear 
and rake-face velocities and increases the shear-plane 
angle. Similarly, a reduction in feed decreases the width 
of the shear-plane spacing and inversely must increase 
its frequency. Thus, an increase in speed and the 
selection of finer feeds are beneficial, since together they 
increase the friction and shear velocities, bringing about a 
reduction in the shear strength of the metal as a result of 
the increase in temperature at the site of the deformation. 
Provided that cooling is applied in a discriminating 
manner, so as to reduce the temperature of the tip 
and not that of the chip, the practical advantages of this 
method in cutting fully hardened high-strength steel can 
be pressed extensively. The method succeeds best where 
the conductivity and specific heat of the metal are good; 
refractory metals, however, do not permit such a 
significant advantage, although diffusion and fracture 
wear are vastly improved and crater formation is 
avoided. Figs. 2 and 3 show respectively depth of cut 
and feed as functions of average chip/tool interface 
temperature, and it will be seen that, for the two metals 
concerned, interface temperature assumes a constant 
value for a selected cutting speed at depths of cut greater 
than the tool-nose radius, while the temperature increase 
with an increase in feed is linear. Practical applications 
of this process have been reported in connection with 
milling and turning operations. 

On account of the diminution in strength with an 
increase in temperature, high-speed tool steels can 
obviously be employed only at the lower ranges of 
machining speeds. Asperity encounter, fusion, and 





* S. A. Tosias: Int. Jour. Mach. Tool Des. Res., No. 1, 1961, p. 2, 
Pergamon Press, 
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Fig. 2. Tool/chip interface temperature as a function of depth 

of cut for F.V. 448 steel and for Nimonic 95, using dry carbide 

tools with a nose radius of 0:05 in. and under conditions of 
constant cutting speed and feed. 
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Fig.3. Tool /chip interface temperature as a function of feed for 
F.V. 448 steel and for Nimonic 95, using dry carbide tools and 
under conditions of constant cutting speed and depth of cut. 
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plucking wear account for tool breakdown, the latter 
becoming significant at the maximum permissible speeds 
for the tool/metal combination. 


The Selection of Tool Materials 


The selection of a suitable material for cutting high- 
strength steels and other materials generally involves the 
use of high-speed tools, cemented-carbide-tipped tools, or 
ceramic-tipped tools. Details of these tools are discussed 
separately in the following. 


High-Speed Tools 

High-speed tool steels suitable for cutting high- 
strength steels contain varying amounts of tungsten, with 
cobalt, chromium, and vanadium additions, or are 
alloyed with molybdenum and similar additions. Tungsten 
steels possess an advantage at higher cutting speeds, 
since the range exhibits hot hardness as a result of 
the slow precipitation of tungsten carbide from the 
tempered martensite. Molybdenum high-speed steels 
therefore usually contain a percentage of tungsten. As 
tungsten is somewhat susceptible to thermal and 
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mechanical shock, cobalt is added to tungsten and 
molybdenum steels to improve impact properties and 
temperature characteristics. Typical compositions of 
high-speed tungsten and molybdenum tool steels are 
given in Table I. 

In recent years, interest has been aroused in the 
development of cast high-speed milling cutters, par- 
ticularly with regard to the facilities offered by investment 
casting. In these cutters, alloys of tungsten, chromium, 
and cobalt, tempered to a DPN hardness of 700 to 850, 
are employed, typical compositions being 10 to 15% 
tungsten, 30 to 32% chromium, 30 to 50°% cobalt, 3% 
iron, and 3% nickel. 

When cutting steels with an ultimate tensile strength 
in the range of 100 tsi, the use of high-speed tool steels 
will be restricted in their upper range of machining 
speeds. These tools should be wet-ground, employing 
soft wheels which break down with relative freedom: in 
this way, fresh facets are presented which cut without 
burning the surface of the tool. 

Cemented Carbides 

Complex cemented-carbide mixes containing titanium, 
molybdenum, tantalum, and niobium have been 
developed to control grain size, to improve the strength 
of the matrix bond, and to reduce stress-cracking and 
diffusion wear. These materials are of considerable 
value when cutting the ultra-high-tensile steels. When 
machining titanium alloys, however, it has been observed 
that diffusion, plucking, and abrasive wear become most 
marked at the higher permissible cutting speeds. Tests 
show that straight tungsten carbide tips best withstand 
diffusion wear, particularly at high cutting speeds. The 
presence of carbide and oxide formations on the 
machining stock produces abrasion wear, so that selection 
should be made among the harder grades of tungsten 
carbide. Those carbide grades possessing a finer 
particle size perform better than those selected from more 
coarsely balled carbide. 

The knowledge gained in machining titanium has 
been applied to cutting metals possessing similar refrac- 
tory characteristics and crystal structures. Beryllium, 
which has a hexagonal close-packed structure, machines 
with a discontinuous chip form in the manner of cast iron 
and has a generally abrasive characteristic. The selection 
of cemented carbide tips for titanium and beryllium is 
found to correspond. The particle size in the cemented 
mix has a considerable bearing on the ability of the tip to 
withstand wear, irrespective of the metal being cut. 
Tests indicate a significant improvement below a size of 
5 microns, when lattice imperfections are few and 
materials exhibit much greater strength. Table II lists a 
selection of carbide grades and their manufacturers, as 
recommended for machining high-strength steels with 
a DPN hardness of 560 to 650, ferritic heat-resistant 
stainless steels (DPN = 320), titanium alloys (DPN 

320 to 340), Nimonic 90 to 100 alloys (DPN = 320 to 
420), and beryllium alloys. 

The impact encountered by the tool on entry and exit 
from the work material produces wide variations in 
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compressive and tensile stress at the cutting edges, 
leading to fracture wear. The first development in the 
cutting of hard metals concerned the introduction of the 
helical carbide tooth, which was brazed to the cutter 
body of cylindrical and taper mills. Originally produced 
by hot-forming methods, the present green-moulded and 
compacted product is made up in short sections to reduce 
the stresses in the braze during cooling. This method 
incidentally avoids excessive grinding, and cheapens and 
facilitates replacement when fractures occur. The first 
specimens were made by Production Tool Alloys Ltd. 
and tested on $.120 (100-tsi) steel. Surface finish 
showed an improvement, and the cutting forces were 
considerably reduced. Fracture wear was offset, and the 
tool lasted considerably longer between regrinds. 
Face-milling presented a somewhat different problem 
to cylindrical milling. Invariably, conditions approxi- 
mating climb-milling must be faced where entry to the 
stock produces the maximum impact stress. The 
contact made by the cutter tooth on entering the stock is 


rectangular, compatible with full depth of cut and feed. 
In experimenting with the chip form and entry conditions, 
it was observed that, since the intersection of a line with 
a circle occurs at a point, the cutter teeth could be given 
an arcuate form and, by making the radial approach 
angle significantly negative, similar conditions of point 
contact could be achieved on entry and exit. 


Fig. 4. Milling cutter with circular inserted carbide teeth, 


having a 45-deg. negative radial rake. 
(Courtesy of The College of Aeronautics, Cranfield) 


A 45-deg. negative radial rake ensures the outward 
flow of the chip stream, widens and thins the chip, 
reduces the applied compressive stress, and avoids 
impact by varying the section progressively at entry and 
exit, extending this phase. A view of the cutter body is 
NOVEMBER, 
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Fig. 5 Chips produced from a 120-ton alloy steel, using the 

milling cutter shown in Fig. 4 at a cutting speed of 80 fpm and 

a depth of cut of 0025 in. The illustration shows (above) a 

selection of typical chips (x2), and (below) a close-up (x7) of 
part of a chip. 

(Courtesy of The College of Aeronautics, Cranfield). 


shown in Fig. 4. The resulting chip, which has a 
crescent-shaped cross-section, possesses thinned edges 
and has a pronounced and distinctive quill-like geometry 
at its extremities, as shown in Fig. 5. The achievement of 
point entry to the work is evidenced by the facility with 
which the chips cut into the fingers. The derivation of 
the chip form has enabled carbide inserts to be employed 
without fracture in cutting 120- to 140-tsi steels with a 
hardness of DPN 700. 


Ceramic Tips 


The bulk of investigations into machining with 
ceramics has been concerned with alumina-based 
materials. The cheaper grades are satisfactory for 
cutting low-carbon steels, but harder materials can be cut 
only by attention to particle size, alloying, and pressing. 
Considerable research has yet to be done before product 
uniformity can ensure freedom from chipping, com- 
pressive and thermal stress cracking, and pronounced 
diffusion wear. 

Comparative tests on the performance of ceramic 
tools and cemented carbides in connection with machin- 
ing S.99 (a 100-ton 24°% Ni-Cr-Mo steel) showed that the 
best grade of ceramic tool gave the highest rate of stock 
removal and tool life, excelling at feed rates of 0-005 and 
0-010 in./rev. The performance of the carbides was 
reasonably consistent, yielding optimum results at 
cutting speeds of from 100 to 200 fpm. On the other 
hand, the best grade of ceramic tool, while offering 
higher machining speeds (600 fpm) with a fine feed rate 
of 0-005 in./rev., lost its advantage with heavier feed 
rates. On scale-removal tests, carbides were superior to 
ceramics. Fig. 6 shows the results of these tests on S.99 
steel, in terms of tool life as a function of cutting speed, 
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Fig. 6. Tool life as a function of cutting speed when machining 
s. steel with carbide and {ceramic tools at a feed rate of 

(a) Wrongly selected carbide — 

(b) Good carbide grade. 

(c) Average of good-quality ceramics. 

(d) Exceptionally good ceramic. 
using a feed rate of 0-005 in. /rev., while Fig. 7 shows the 
results corresponding to a feed rate of 0-020 in. /rev., 
from which it will be seen that, for a comparable tool life, 
cutting speeds at this heavier feed rate have dropped 
considerably. 

With ferritic stainless steel, a considerably different 
picture is presented. In this case, the best tool life 
achieved with any of the ceramic tools tested, irrespective 
of speed and feed, was 15 min, corresponding to a cutting 
speed of 400 fpm, a feed rate of 0-005 in./rev., and a 
depth of cut of 0-05 in. By comparison, the carbides 
performed excellently, giving a life of 45 min at a cutting 
speed of 600 fpm and with twice the feed rate and depth 
of cut. At a cutting speed of 500 fpm, the ceramic tools 
had a life of only 1 min. 


Tasie Ill: Resutts OF MACHINING TESTS ON NimONIC 90 
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Taste IV: RESULTS OF MACHINING TESTS ON F.V. 448 STEEL 
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The Nimonic alloys provided a somewhat similar 
comparison, correctly selected tungsten carbide toolS 
performing satisfactorily at a cutting speed of 80 fpm, 
with a tool life exceeding 70 min, as shown in Table III. 
On the other hand, this table shows that the best per- 
formance obtained with ceramic tools resulted in a life of 
about 7 min at a cutting speed of 20 fpm, as compared 
with the life of 100 min at 600 fpm obtained when machin- 
ing S.99 steel, as shown in Fig. 6. Since Nimonic 90 and 
F.V. 448 steel both possess a high chromium content and 
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Fig. 7. Tool life as a function of cutting speed when machining 
S.99 steel with carbide and ceramic tools at a feed rate of 
0-020 in. /rev. 
(a) Wrongly selected carbide grade 
(b) Good carbide grade. 
(ci), (c2), (cs) Good-quality ceramics 
(d) Exceptionally good ceramic. 


a low carbon content, it is suspected that the pronounced 
diffusion and plucking wear noticed when machining 
these materials with ceramic tools is due to migration 
of chromium to the alumina tip. The results of tests on 
the creep-resistant F.V. 448 steel are given in Table IV, 
from which it is concluded that alumina-based ceramic tips 
are not nearly so suitable for machining high-chromium 
alloys of this type, whereas they are quite satisfactory for 
machining the S.99 steel previously mentioned. 


The Machining of High-Strength and 
Heat-Resistant Stainless Steels 


Aircraft constructional steels, which may require 
machining in the fully heat-treated condition, belong to 
the heat-treatable martensitic low-alloy group and the 
high-chromium ferritic-martensitic creep-resistant 
varieties. Certain hot-strength die steels may be 
included, but machining for their original purpose as 
dies would almost invariably be carried out with solid 
tungsten carbide burrs, using spindle speeds of 80,000 
rpm and upwards. It is customary to encounter in the 
aircraft industry these units employed as copying 
accessories on the finest die-sinking machines, and their 
utilization represents a considerable advance from the 
calamitous use of solid tungsten carbide on copy profilers 
having spindle speeds of 6000 to 8000 rpm. The success- 
ful use of solid tungsten carbide is compatible with the 
recommended selection of high cutting speeds and light 
cuts in order to produce low resulting impact forces. 

A wide range of high-strength steels is encountered in 
the aircraft industry, those typical of the range being 
listed in Table V. Of these high-strength steels, S.120 
and SAE 4340 are heat-treatable low-alloy steels, 
Vascojet 1000 and Jessop H.50 are hot-strength steels, 
and F.V. 448 is a creep-resistant steel. 

If the general recommendations concerning feeds are 
adhered to, these steels can be machined up to 60 fpm 
with high-speed tools having cobalt additions. The 
hardness of steels to be machined with tools among the 
high-speed range should not greatly exceed 380 DPN 
but limited tool life can be achieved at cutting speeds of 
8 to 10 fpm with materials of 640 DPN. Higher hardness 
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values render machining virtually impossible. At640 DPN, 
cemented carbide of the correct grade will cut from 90 to 
150 fpm, and its use has obvious advantages. In face- 
milling, an axial rake of 5 deg. and a radial rake of 20 
deg. negative are desirable. The adoption of negative 
radial rake and generous nose radii has been shown 
elsewhere to improve entry and exit conditions and 
governs the radial outward flow of the chip stream. 
Whatever the type of tool, obtuse-angled geometry, which 
produces chip-compacting tendencies, should be avoided. 
A pronounced negative face rake applied to single-point 
tools and negative helix angles selected for end-mills will 
effect an increase in the deforming forces, thereby adding 
to the already arduous conditions of cutting; the 
incipient built-up edge conditions will also add to friction. 
Chip-breakers are discouraged for the same reasons. 

Coolants should be selected for their inhibiting 
qualities and ability to provide low shear-strength 
lamellae by active combination with the deformed surface 
in sliding contact with the tool. Overcooling sustains 
the strength of the chip at the shear plane. At high 
machining speeds, overcooling can produce a hard 
martensitic skin on the machined surface of these high- 
strength steels, which harden by a precipitation process, 
and the effect should be avoided during finish-cutting. 
An example of this effect on the surface of machined stock 
is shown in Fig. 8. 


Fig.8. Martensitic formation on the surface of machined stock, 
produced by overcooling at high cutting speeds. 


With fully hardened ultra-high tensile steels, drilling 
and tapping are virtually impracticable, and much of the 


work is carried out at lower hardness values. Drills 
require a thick web section, a high helix angle, and a 
spiral point to deal with entry and break-through condi- 
tions. Carlstedt boring heads and gun reamers are 
sometimes employed on holes requiring a good surface 
finish. The Strasmann reamer has proved in tests to 
have considerably longer life than straight- or spiral-flute 
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reamers. Final sizing of the holes invariably appears to 
demand reaming and grinding. Taps require full form- 
relieving, and the number of teeth engaged in cutting 
must be restricted by omission of teeth—the “‘skip-tooth”’ 
tap; alternatively, interstage taps must be selected 
according to the capability of the shank to transmit the 
required torque. Torque-limiting devices should be 
employed. Torque-meter readings show sharp incre- 
ments as each tap tooth enters progressively into 
engagement, and entry should be effected slowly to 
prevent chipping or fracture. 


The Machining of Beryllium 


In addition to high temperature strength and good 
corrosion resistance, beryllium has a low specific gravity 
(1:85), a remarkably high Young’s modulus (44 = 10° 
psi), and a high thermal conductivity (0-385 cal/cm? 
cm/sec/°C) and specific heat (0-475 to 0:516 cal/gm/°C 
at 30 to 100°C). Its modulus /density values recommend 
it as an airborne constructional material. Although its low 
density seems to be disadvantageous from the point of 
view of metal-cutting, the remaining constants in the 
interface-temperature equation indicate that a large 
amount of shearing and friction energy produced in the 
cutting process can be carried away in the chip, ie., 
without undue heating of the tool tip. 

The metal is particularly difficult to deform at room 
temperature. It is reported that the slip system of the 
single crystal restricts the major elongation to the {1010} 
planes and <1120> direction. Predominant twinning 
occurs on the {1012} planes and in the <1011> direction 
under compression and tension conditions. Basal slip 
(0001) occurs more markedly in compression, only small 
amounts being observed in tension. Essentially a brittle 
material, beryllium has sufficient isotropic ductility 
above 485°C to commence plastic deformation. Twinning 
is considered to be the main mode of deformation during 
hot working. 

The hardness of beryllium is dependent on its purity, 
particle size, and treatment. Thus, rod extruded from 
powder with a particle size of from 5 to 10 microns has a 
room-temperature hardness of 234 DPN, the correspond- 
ing value being 202 DPN for powder with a particle size 
from 15 to 25 microns. Hot-pressed compacted and 
sintered metal and hot-rolled, hot-pressed sheet have a 
room-temperature hardness of about 184 DPN. It has 
been observed that transverse hardness values are lower 
when measured in the longitudinal direction for 
unworked materials. At elevated temperatures, the 
hardness values found for sheet material fall from 184 
DPN at room temperature to 126 DPN at 180°C, 
112 DPN at 300°C, 84 DPN at 400°C, and 72 DPN at 
500°C. Pure beryllium has a hardness value about 
one-third that of Q.M.V. powder (i.e., powder made from 
pebble with an intermediate vacuum-melting). The purity 
of the metal is controlled by the purity of beryllium 
fluoride and magnesium used in the process. 

The ultimate tensile strength and elongation of 
beryllium in the form of extruded flake or extruded powder 
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at different temperatures are given in Table VI, in 
which it should be noted that the elongations quoted are 
in the preferred direction. Unless the material is upset- 
forged, elongation is likely to be 1 °% in other directions. 
Elongation diminishes above 800°C, and the useful 
range for its plastic deformation is thereby determined. 
High cutter speeds should be selected to yield shear- 
plane and interface temperatures within the ductile 
range of the metal. At cutting speeds of from 200 to 
300 fpm, the metal machines with a brittle, discon- 
tinuous chip similar to cast iron. High positive rake 
angles (15 deg.), with relief angles of 5 to 8 deg., are 
recommended, together with a pronounced approach 
angle to increase chip-thickness ratio, to thin the chip, 
to reduce chipping tendency, and to improve tool wear. 
Taste VI: U.T.S. AND ELONGATION OF BERYLLIUM 
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600 7 
600 10 


Extruded flake 
Extruded powder 


800 Extruded flake 
800 J 10-5 Extruded powder 




















Particles of beryllium dust produce a toxic effect, so 
that touching, inhaling, and ingesting them must be 
avoided. In the finely divided form the metal can 
produce acute lung irritation and skin affections. It is 
therefore essential to provide effective barriers against 
atmospheric pollution (to within 2 micrograms/m?*) 
and this requires stringent safety measures. Thus, all 
machines must be completely enclosed, the enclosure 
being maintained at a lower pressure than that in the 
shop itself. Air extraction is provided at the chip/tool 
interface, and the operator manipulates the machine 
controls thorugh a glove-box, as shown in Fig. 9. In 
addition, protective clothing is worn in the contact area. 
This clothing must be changed completely before the 
operator leaves the area, a fresh set being supplied for 
each shift. 


Fig. 9. Turning beryllium in an enclosed cabinet, showing air- 
extraction facilities and glove-boxes. 
(Courtesy of Sir W. G. Armstrong Whitworth Aircraft Ltd.) 


High-speed steel tools and carbide-tipped tools are 
employed for milling and turning at cutting speeds 
within the range of 200 to 400 fpm, and feed rate varies 
between 0-005 and 0-020 in. /rev., the heavier feed tending 
to produce a roughened finish, especially at the lower 
limit of machining speeds—again a characteristic of the 
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brittle nature of the material. Drilling is effected 
with 90-deg. carbide at cutting speeds from 10 to 100 fpm, 
with a feed of 0-005 to 0-010 in./rev., the drill being 
frequently withdrawn to prevent chip compaction. 
Grinding needs especial care on two points, i.e., the 
toxicity of the dust and its very high strength and 
abrasive character in the finely divided form. The wheels 
selected must therefore tend towards medium (60-grit) 
and should break down freely to avoid loading, presenting 
fresh facets for the cutting operation. Aluminium oxide 
vitreous-bonded grades are found suitable. 


The Machining of Molybdenum 

Molybdenum, which has a specific gravity of 10-2, 
has a high Young’s modulus (46 = 10® at 25°C, and 
40 x 10% at 1000°C), a low specific heat (0-0624 cal/gm/°C 
at 20°C, and 0-0750 cal/gm/°C at 1000°C), and good 
thermal conductivity at room temperature and at 
elevated temperatures (0-382 cal/cm*/cm/sec/“C at 
20°C, and 0:259 cal/cm?/cm/sec/°C at about 925°C). 
Molybdenum suffers a smaller reduction in strength with 
increasing temperature than solid tungsten, the modulus 
density ratio of molybdenum being 4-5, as compared with 
2:6 for tungsten. Molybdenum retains over 50% of its 
room-temperature strength at 1000°C, when its effective 
strength is 36,000 psi. 

The material is sintered or arc-melted in a copper 
mould, this process being followed by a 2: 1 reduction 
with interstage reheats at 1500 and 1200°C. Rolling is 
then accomplished at lower temperatures. Work- 
hardening occurs during reduction because, at the 
temperatures employed, recrystallization is sluggish. 
Conditions where the heating effect assumes predomi- 
nance over strain-hardening are not reached at 
temperatures below 1800°C. 

TasBLe VII U.T.S. AND ELONGATION OF (AS-ROLLED) PURE 
MOLYBDENUM AND OF MOLYBDENUM ALLOYED wiTH 0-45% Ti 








Pure Molybdenum Alloyed Molybdenum 


perature U.T.S Elongation U.T.S 
[°C] [tsi] (%] [tsi] 


Elongation || 


45-7 40 50-5 29 
31-1 24 45-2 18 
23-2 24 38-8 17 











Molybdenum-based alloys possess even greater 
hardness and resistance to forming at elevated tempera- 
tures. Additions are mainly made from aluminium, 
chromium, silicon, titanium, tungsten, and vanadium. 
Table VII shows the comparative ultimate tensile 
strengths and elongations at different temperatures of 
pure molybedenum and of molybdenum alloyed with 
0-45°% titanium, both materials being in the as-rolled 
condition. The ultimate tensile strength of a drawn 
wire of pure molybdenum, 0-05 in. in diameter, is 60 tsi, 
and its elongation is 5%. Smaller-diameter wires have 
higher strength and lower elongation. 

Molybdenum machines with a discontinuous chip 
form, somewhat characteristic of more slowly machined 
hardened medium-carbon steel. Tungsten carbide tools 
are an obvious choice; high-speed tools are impracticable, 
their wear rate being accelerated by work-hardening of 
the stock and its low specific heat. The strain-hardening 
characteristic of the material demands that feed rates 
should be generous (0-010 to 0-015 in./rev.), and the 
depth of cut should be selected within the range of 0-010 
to 0-125 in., leaving a minimum of 0-005 in. for the finish 
pass. 
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Carbide-tipped milling cutters can be employed in 
cutting at speeds up to 100 fpm. Single-point machining 
is found to be satisfactory with speeds of 150 fpm. The 
machine tool and fixtures require to be extremely rigid; 
otherwise, the tool and workpiece material will exhibit 
a chipping tendency. Low positive rake and relief 
angles appear to give the best results. A zero approach 
angle assists in avoiding chip thinning. Drilling of holes 
with a small depth/diameter ratio can be effected with 
high-speed drills. Deep holes require tungsten-carbide- 
tipped, thick-web, high-helix-angle drills. Cutting 
speeds of 30 to 40 fpm with a feed rate of 0-005 in. /rev. 
are recommended. 

Tapping must proceed with care, on account of 
chipping. Careful alignmentand the use of heavily chlori- 
nated oils or trichlorethylene mixes are recommended. 
Spiral flutes are an advantage. Sulphurized oils improve 
machinability, but they may have certain deleterious 
effects. Possibly, restriction of thread to 60° of full depth 
may be advisable. 

Grinding, using a 60-grit aluminium oxide wheel, is 
found to be satisfactory. Hard wheels with a grit size 
finer than 80 load rapidly and require frequent dressing. 
Speeds normally used for grinding steel (6500 fpm) can be 
employed satisfactorily to offset work-hardening of the 
abraded surface. Bearing in mind the high shear strength 
of the metal at high temperature, the total energy per 
unit of stock removed must be correspondingly high, so 
that the set depth of grinding must be on the light side 
and the width of each pass adjusted accordingly. For the 
cylindrical grinding of molybdenum to a surface finish 
of from 10 to 30 micro-inches, the recommended infeed 
per pass is from 0-0005 to 0-0010 in. and the work speed 
1000 fpm. For the surface grinding of molybdenum to a 
similar surface finish, the recommended infeed per pass 
is from 0-002 to 0-005 in., with a table speed of 50 fpm 
and a cross feed of 0°03 in. 


The Machining of Titanium 


Titanium and its alloys possess many advantages 
which make them competitive in the field of chemical 
engineering and aircraft construction. The room- 
temperature strength of wrought alloys is of the order of 


60 to 73 tsi. It is relatively light (specific gravity = 4-51). 
The aluminium-manganese alloy (Ti-4Al-4Mn) can be 
worked and heat-treated within limiting sections to 
exhibit a fatigue resistance equivalent to that of a high- 
tensile steel. The diminution in strength with tempera- 
ture rise is substantially linear up to 400°C, when some 
30°% is lost. In the range of 500 to 550°C, the 1% proof 
stress is maintained at 28 to 30 tsi. Titanium and its 
alloys have a relatively low modulus (15 10° psi), 
which diminishes at temperatures above 300°C. 

Most titanium alloys exhibit pronounced work- 
hardening characteristics. At temperatures above 
650°C, the metal commences to absorb intersitially 
and, although with the more pure forms of titanium 
sponge small quantities of carbon and oxygen may 
prove to be beneficial strengtheners, strength is generally 
improved at the expense of notch sensitivity. Nitrogen 
and oxygen effect a reduction of the slip and twinning 
systems available for deformation. Hydrogen creates 
marked embrittlement and increases the detrimental 
effect of the alpha-seeking interstitials. 

Most of the difficulties concerned with the machining 
of titanium arise from a pronounced tendency to gall and 
to work-harden. Galling is a characteristic of the metal, 
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while work-hardening is a characteristic of impurities in 
the melt, although hardening is greatly accentuated by 
the presence of the substitutional alloys. Galling 
promotes chip weldment and rapid build-up on the edge 
of the tool. The low values of conductivity k, of density p, 
and of specific heat c precipitate this situation. 

Since the total energy u expended in the chip-forming 
process is approached at high cutting speeds by the value 
uc Of the division of energy carried away by the chip, 


u Ue Us + uf 


where us and uy are the shear and friction energies 
respectively. Consequently, 


Uc Rius + Rou; 
ut (1 Ro) uy 
uu (1 Ri) us 


where R; and Re are the ratios of division of shear and 
friction energy, and u and uw are the divisions of energy 
remaining with the tool and the workpiece respectively. 
For those metals possessing good (kpc) values, the 
higher is the machining speed the more nearly does uc 
approach the total energy u, so that the heat energy 
absorbed by the tool is relatively small. Low (kpc) 
values appertaining to the machining stock dictate that 
the interface temperature will rise and more energy will 
be imparted to the tool. Diffusion and plucking will 
result, and the tool will break down rapidly. The 
development of the argument has ignored u,,, but it will 
be seen that u» can be lumped with u-, as it possesses 
identical conductive or refractory characteristics. 

The problem of energy distribution at the chip/tool 
interface is present with all refractory metals. Titanium 
and its alloys, however, will react at high temperatures to 
form abrasive surface carbides and oxides. Tukon 
hardness tests on chip sections reveal localized increases 
in DPN values of from 320 to 600. 


Fig. 10. Comparative wear experienced when machining 
Ti-4Al-4Mn alloy at a cutting speed of 90 fpm, (a) on a general- 
purpose titanium carbide tool after producing a chip length of 
1050 ft, (b) on a steel-grade titanium-tungsten carbide tool after 
producing a chip length of 2310 ft, and (c) on a cast-iron-grade 
tungsten carbide tool after producing a chip length of 2310 ft. 
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The avid nature of titanium promotes the migration 
of binder material from carbides and leads to calamitous 
tool wear. High-speed tools fail from crater wear at 
lower cutting speeds, and therefore cannot be employed 
at speeds exceeding 50 to 80 fpm for commercially pure 
titanium, while alloys of sufficient strength reduce this 
speed to 25 fpm and below. To produce consistent 
performance, tools require a generous nose radius 
(0-25 in.), a positive side rake (10 deg.), and a 5-deg. 
relief minimum at rubbing faces (front and side cutting- 
edge clearance angle). Thinning the chip by the use of a 
large approach angle is found to be beneficial. Soluble 
oils in a 3: 1 mix or inhibited-type oils are essential to 
prevent diffusion and abrasive wear in the manner 
described. Milling cutters follow the practice defined for 
single-point tools; a radial rake of 10 deg., and 7-deg. 
side and top relief angles are required. 

Essentially, however, titanium alloys should be 
machined with a hard-grade tungsten carbide, as metallic 
carbides with tungsten produce indifferent results. 
Titanium carbide appears to cause self-diffusion, and the 
breakdown of the tool is precipitate, as shown in Fig. 10. 
Cutting speeds selected in the range between 80 and 120 
fpm will produce satisfactory tool life and good surface 
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Fig. 12. Optimum tool geometry for tangential knee-turning 
tools, roller-box tools, and part-off tools when cutting titanium 
150A and Ti-4Al-4Mn on a Wickman 1-in., 6-spindle automatic. 


(a) Geometry for a tangential knee tool for cutting titanium 150A 

(b) Geometry for a part-off cool for cutting titanium 150 A 

(c) Grind on a tangential tool, resulting in crimping of the swarf and 
edge breakdown 
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finish. At 150 fpm, tool life is significantly reduced, and 
breakdown becomes more precipitate with a further 
increase in cutting speed. It should be noted, however, 
that tool life can be increased by a factor of at least 24 if, 
in conjunction with COe cooling, machining is carried out 
under an argon atmosphere. 


Fig. 11. Photomicrograph of a titanium chip, showing alpha 
lameliae dividing adjacent rigid areas, which exhibit an 
undisturbed alpha-beta matrix. 

Fig. 11 shows a photomicrograph of a titanium chip, 
illustrating the relatively wide shear-plane spacing and 
rigid body characteristic of the metal between the shear 














(d) Grind on a tangential tool with a narrow chip groove, resulting 
in crimping of the swarf and welding it together, causing edge 
breakdown 

(e) Geometry for a roller-box tool for cutting Ti-4Al-4Mn 

(f) Geometry for a part-off tool for cutting Ti-4Al-4Mn 

(g) Tangential tool with side edge parallel to the axis of rotation 

(h) Roller-box tool with side edge inclined to form an 8-deg. negative 
rake angle 
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planes; it will be seen that the alpha-beta basket- 
weave structure is barely disturbed. The metal affords 
excellent corroboration of the Piispanen theory of chip 
formation*. Ferrous metals have an entirely different 
chip microstructure, tending to make the Piispanen 
concept hypothetical. 

Little published work is available relating to the 
machining of titanium alloys on automatics. Fig. 12 
shows the tooling for a Wickman 1-in., 6-spindle auto- 
matic, which combines the results of basic investigations 
into’ the machining of I.C.I. 314A (Ti-4Al-4Mn) alloy, 
to establish machinability at full product development 
of available titanium alloys. 

There appears to be considerable difficulty in tapping 
and thread-rolling titanium. The use of straight-fluted 
taps with full thread relief and cutting a truncated thread 
form with initial taps have been found to be the solution. 
A cutting-edge rake of from 5 to 8 deg. is essential, and 
the central web needs to be thick. Additionally, torque 
loading during tapping has in some cases been reduced 
by the omission or restriction of the number of teeth 
formed on the tap. Thread rolling requires the use of 
rigid equipment; otherwise, the crests will fail to form 
and the flanks will harden, showing cracks in the surface 
microstructure. 

Grinding demands the use of a wheel which will 
break down in a controllable manner, presenting as it 
does so fresh facets with which to cut. Concurrently, 
the low (kpc) values of titanium demand that the grinding 
speeds selected should be approximately one-quarter of 
those employed for the grinding of steel. Assuming that 
the total energy absorbed in the cutting forces at speeds 
above 800 fpm, the dimension of the swarf, the value of 
shear strain, and the residual strain remaining in the unit 
volume of chip are identical, it can be shown? that the 
respective grinding speeds V; and VM for steel and 
titanium bear the relation 


Vs (kpc)s 

Vi (kpc) 

Thus, for steel, with k 48 

c = 0-20, the value of (kpc) is 27 = 10°. 


10-4, p = 0-28, and 
For titanium, 
with k = 2 « 104, p = 0-16, and c = 0-10, the value of 
(kpc) is 6 x 10°6. Consequently, for the same interface 
temperature, the grinding speed of titanium in relation to 
steel ground at 6000 sfpm will be 6000 = 6/27 = 1330 
sfpm approximately. 

Confirming this calculation by practical application, 
it is useful to note that Norton have recommended a 
grinding speed of 1300 sfpm as suitable for the Ti-4A1- 
4Mn alloy, when using aluminium oxide wheels. Silicon 
carbide wheels can be run at spindle speeds between 
2500 and 3500 rpm with a reasonable wheel life, provided 
that straight grinding oils are used. Aluminium oxide 
wheels perform best with nitrate-amine solutions. 

Performance is measured in terms of the grinding 
ratio G, i.e., the ratio of the volume of stock ground away 
to the loss of volume of the wheel. Poor combinations 
result in G-values of 2, while good combinations yield 
G-values of 26, approximating those obtained when 
grinding steels. Swarf from coarser wheels has a lower 
total energy but fine wheels are needed for thread- 
grinding and good surface finish. Aluminium oxide 





* V. PusPANEN: Teknillen Aikakauslaht, Vol. 27, 1937, pp. 315-322 


+ W.S. Hoiwuts: “The Machining of Titanium Alloys’; Conference 
on Technology of Engineering Manufacture, Inst. Mech. E. Paper 
10, 1958 


NOVEMBER, 1961 Volume 22, No. 11 


wheels of 60 to 80 grit are found suitable for general- 
purpose work and will yield a surface finish of from 10 to 
14 micro-inches, while 150-grit wheels produce the best 
surface finish, values of from 6 to 8 micro-inches being 
obtained. 


The Machining of Nimonic Alloys 


The incorporation of 18°% cobalt in Nimonic 90 and 
95 is made to improve creep properties. Nimonic 100 
has less chromium, but the cobalt is increased to 20°% 
with a 5% molybdenum addlition to improve high- 
temperature properties in the range between 950 and 
980°C. Chromium and cobalt together produce a more 
difficult problem in machining, compared with the early 
series of Nimonic alloys. The hardness of the fully 
heat-treated wrought material varies, values for Nimonic 
95 being from 300 to 360 DPN, and for Nimonic 100 from 
320 to 420 DPN. 

A complex carbide mix, Teco CL, was found to give 
the best performance in cutting Nimonics. Cutting speed 
and chip-thickness ratio r¢ require to be held to low values, 
to avoid all modes of frictional wear at the tool face. 
Suitable cutting speeds yielding a tool life of 1 hr 
(estimated as 0-015 in. flank wear) have been found to be 
of the order of 50 to 60 fpm, with rr = 0-436. Tool life 
is reduced to 7 min at 100 fpm, with r; = 0:5. Low 
positive rake angles are indicated, to reduce sliding 
speed and to provide for the characteristic of high 
strength with temperature of the metal. 

At a cutting speed approximating 80 fpm, a mean 
interface temperature of 650°C is reached, approaching 
the precipitation temperature of the metal. A small 
reaction has been noticed at this point when CO2 cooling 
is employed, indicated by a rise in temperature of 15°C, 
and it is possible that a precipitation-hardening mechanism 
may be activated. This observation has been found to 
persist throughout the range of temperatures up to 760°C, 
but tool life is not noticeably affected. 


Fig. 13. A chip of Nimonic 100, the chip thickness remaining 
virtually constant at 0-015 in., although the infeed varies from 
0-1 to 05 in. 

Under suitable conditions, the Nimonics machine 
with a clean, continuous chip and are remarkably con- 
sistent in chip-thickness ratio and shear-plane spacing, 
irrespective of the depth of cut. Fig. 13 illustrates a 
Nimonic 100 chip produced by a variation in set depth 
at a constant feed rate during a contouring sequence; 
the chip thickness was found to vary less than 0-001 in. 
at any position. 

Grain size is found to produce an effect on tool life. 
Materials possessing corresponding hardness values 
throughout their respective cross-sections, but having 
average values of 200 and 300 grains/in. respectively, 
produced a variation in rate of flank wear of 3 : 5, the 
coarser grain permitting longer tool life. 
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B.S.A. ACME-GRIDLEY j” six-spindle automatic bar B.S.A. 5M single-spindie chucking automatic 
machine. Designed for high spindle speeds and fast cycle times poe enter tag senpnall lla 90 sd 
combined with accuracy and good surface finish. Machine has two ies cadabeatias ba cntninned a Gs ereastund dhede 40 
position feeding and stock can be fed during index. The main the multi-spindle machine for completion. Chucking 
toolslide is provided with end adjustment to assist setting up for is electro pneumatic. 
components of similar design but of varying length. Collet capacity 
” dia. Length fed and turned 4”. Speeds 4,340 to 321 r.p.m. 
otor I5 h.p. 


B.S.A. No. 4 centreless grinding machine with 
automatic sizing control and automatic infeed. In this 
set-up special bolts 7” x 2§”, fed from vibratory type 
hopper, are ground to a tolerance of 0.0005” ; 700 per 
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B.S.A. No. 95 All-Electric single-spindle automatic chucking 
machine with ‘‘DISCOTROL’’ programme control unit. (Com- 
plete machining programme for a component recorded on a master 
disc). Immediate changeover effected by substituting a new pro- 
gramme disc and appropriate tooling. Re-setting of machine speeds 
and feeds eliminated. Highly sensitive overload device protects 
tooling. Five-face turret. Swing over cross slides 103” (maximum 
swing 124”). Stroke: of cross slides 4”, of turret 52”. Thirty 
spindle speeds: 40 to 834 or 60 to 1220 r.p.m. | 


5.S.A. TOOLS LTD., BIRMINGHAM, 33 
ENGLAND 


CABLES: MADRICUT BIRMINGHAM TELEX 33207 


Sole Agents Gt. Britain 
BURTON GRIFFITHS & CO. LTD. 
Mackadown Lane, Kitts Green, Birmingham 
B.S.A. No. 48 single-spindle automatic screw | Telephone: STECHFORD 4071 
machine arranged for automatic inspection of 0.0150” 493 
hole through component. Obstruction to an air blast ee ae ee 
through the hole causes a back pressure to be fed to a 
control which stops the machine. 
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PATENTED HOLDER 


BRITISH PATENT 835729 


94 varieties of holders | A PATENTED CARBIDE 
= S1 PREMIUM 


58 7 varieties of inserts BRITISH PATENT 833236 


MANOR LANE, HALESOWEN, BIRMINGHAM 
: SAWDVIK \ Telephone: Halesowen 2121 (10 lines). Telex 33164 


Scottish warehouse at: 


Of A BEE eS 
yw Blackbraes Road, Nerston Industrial Area, East Kilbride, Glasgow. Teleptone: Murray 429 


IN SANDVIK SWEDISH STEELS LTD. 
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AND STAG MAJOR 


SUPERWELD TOOLS 


The Edgar Allen range of Stag ‘Allenite’ 
tungsten carbide cutting materials will give 
outstanding performances in high-speed produc- 
tion with long tool life between grinds. Ten 
different grades of Stag ‘Allenite’ are made to 
obtain the best results in machining steels, cast 
iron, non-ferrous metals, plastics, glass, etc. A 
complete range of standard tool tips has been 
designed to meet all users’ requirements. 


The cutting end of a Stag Major Superweld 
cutting tool is a good substantial piece of Stag 
Major high-speed steel inseparably fuse-butt- 
welded to a high-grade steel shank. The complete 
tool is hardened and ready for use on a lathe, 
shaper, planer, etc. 


EDGAR ALLEN & CO. LIMITED 
IMPERIAL STEEL WORKS - SHEFFIELD 9 


ETD74E.D 
To EDGAR ALLEN & CO. LIMITED’ SHEFFIELD 9 


* Please post Stag ‘Allenite’ booklet to:— 
NAME 
POSITION 
FIRM 
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ACKWORTHIE 
Right at the centre off thinagd 


y have a problem a ated with multiple jr n 


ultip q tapping, we at 
Ackworthie will be pleased to solve it F ome yea we have oncentrated or 
; 
of multi-spindle drilling and tapping head LAI Lildie biate LLL Ut 
i 
hines produce really outstanding result 
phone: Kenilworth 1530 today 


Tapping Attachments. Self reversing multi- 

spindle tapping attachments, with two, three 

or four adjustable spindles. Two sizes, rang- 

ing from {2” minimum centres to 5” maximum 

pitch circle diameter. Maximum capacity j' 
Whitworth 


Drillin Attachments. : i 
41 » re attach- Nut Tapping Machine. 
ments available, from For High Speed Auto- 
two to eight spindles matic tapping of nuts 
ll on standard the Ackworthie- 
three spindle attach- Nichols Nut Tapping 

bored to take machine has no equal. 

1 morse taper Output of this two 
shank = drills This spindle machine can 
model also available be as high as 9,000 
with four spindles with nuts per hour 
maximum pitch circle 

diameter of 6}” 


No. 2 Unit Head. This unit is of compact 

design and built to fulfil the need for a small 

light duty unit capable of drilling, reaming, 

boring and light milling operations. Various 

Multi-heads are available for use on this 
machine 
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TITANIUM 


Most people concerned with metals know what it is 
but not everyone is aware of what it can do. 

If you feel that you should know more about this 
light, strong and corrosion-resistant metal, 

then write for brochure on properties and forms to: 





TITANIUM METAL AND ALLOYS LTD 


2 METAL EXCHANGE BUILDINGS, LONDON, E.C.3. Tel. Mansion House 4521 
WORKS: SHEFFIELD “ROLLERS OF MODERN METALS” 





senrated heavy duty 
milling cutters 


HiFEED serrated heavy duty cutters are designed to provide a combination of high rate of stock 
removal and good surface finish. 
BRAYSHAW Some of the advantages to be obtained are: 
SINGLE POINT CUTTING EFFICIENCY. 
REDUCED LOAD AND VIBRATION on machine and work. 
TOOLS LTD. INCREASED PRODUCTION, particularly on work hardening and high tensile 


materials. 
EFFICIENT HEAT DISSIPATION resulting from the break up of the cutting edges 
BELLE VUE WORKS, enables HIGHER FEEDS AND SPEEDS to be employed. 
MANCHESTER 12. Primarily designed for heavy stock removal HiFEED cutters produce a surface finish acceptable for 


‘ most applications. An alternative design, offering similar advantages plus superior surface finish 
— ee We when required is also available. 


HiFEED cutters INCREASE production REDUCE costs. 
Send to-day for your copy of leaflet No. $.T.603. 
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THE TOOL WITH A PEDIGREE 
...PIONEERED AND PROVED BY KENNAMETAL 


OVER 25 STYLES — 150 SIZES 
Kendex offers the widest range of styles and shank 
sizes available anywhere in the world. 


POSITIVE OR NEGATIVE RAKE 


Kendex offers a range of styles and sizes in both 
rakes. 


SQUARE, TRIANGULAR OR ROUND INSERTS 
Square and Triangular inserts in either 

positive or negative rake and round 

inserts in negative rake only, are 

available from stock. 


Holders available from +’ 
square upwards. 


Write for INDUSTRY AND 


Detailed Catalogue. KEN NAM ETAL 


Fated iw Progress 


CR EADS 


NNAMETAL ccrear satan» 7D. baron caass 3204 


TELEGRAMS: 
82- “84 COLESHILL STREET. BIRMINGHAM. . VIKING. BIRMINGHAM, 
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_Gutting loots ty. 


” 


There is a Benson-Bond cutting tool 
for most applications. We specialise in 
rapid production of high grade form 
tools, special milling cutters, drills, 
reamers etc., in H.S.S. or Carbide. 
Consult us about your tooling needs, 
we can ease your planning problems 


and save you time and money. 


RAPID DELIVERIES 
OF FORM TOOLS 
AND OTHER SPECIALS 


@ STOCKISTS OF “‘“MOHAR” CARBIDE TOOLS 


P.O. BOX 272. STATION ROAD, 
BIRMINGHAM 23 


TELEPHONES: ERDINGTON 4216 (5 lines) 
ERDINGTON 5009 


SEED) TELEGRAMS: BEBELIM BIRMINGHAM 
TELEX: 33163 


Branches at London and Bristol 
NRP 3680 


NOVEMBER, 1961 Volume 22, No. 11 


E.D.—7 








Robert Frazer & Sons Ltd, 
Hebburn, CO. DURHAM. 
Phone Hebburn 83-2214 


Ltd., of Leeds 

Buncrue Street, pi 2 4 : Works, 
BELFAST, XN. iretand. tae i RED: LEEDS, 11. 

Telephone Belfast 745211 ae «5 if j aX Telephone Leeds 36071 





Atlantic Rubber Limited, 
Atlantic St., Broadheath, 
ALTRINCHAM, CHESHIRE. 
Phone Altrincham 3727/8 


Central Manufacturing & 
Trading Co. (Dudley) Ltd., 
Siddals Read, 
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DERBY. 
Telephone Derby 4852t 


53/55 
SHEFFIELD, 6. 
Phone Sheffield 348859 





Trading Co. (Dudley) Ltd., 
Halesowen Road, Old Hill, 


T 





Fursiand & Pressdee Ltd., 
Neath Road, Hafod, 
SWANSEA. 
Telephone Swansea 50942 





St. Albans 50721 





; Southern Industrial 
2. ; aE Rubber Ltd., 
Tyres (Dutfields) Ltd., 
305 /307 London Road 
PORTSMOUTH 


Phone Livingstone 5568 


Phone Portsmouth 6 3351/2]3 : and: 7a The Green, 
West Drayton, Middx. 
Phone West Drayton 4343 


GOODYEAR AT 
YOUR SERVICE Goodyear hoses, belts and vehicle or loading bay fenders 
can be obtained from the distributors (D) or stockists (S) 
IN ALL shown above, or direct from Wolverhampton. For other 


special industrial rubber products, please contact Good- 
THESE PLACES year Tyre & Rubber Co. (GB) Ltd., Wolverhampton. 


GOODFYEAR 


THE GREATEST NAME IN RUBBER 
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British Industrial Developments 


High-Temperature Vacuum-Perm- 
eability Rig for Graphite Fuel-Cans 


A rig for determining the vacuum permeability of 
graphite fuel-cans at various temperatures up to 2300°C 
and under varying tensile loads has been designed and 
manufactured by Spembly Ltd., of Chatham, a member 
of the Harper Group of Companies, in conjunction with, 
and for, the U.K. Atomic Energy Authority. 

The main vacuum shell consists of a water-cooled, 
stainless-steel cylindrical body mounted on an oil 
diffusion pump, backed by a single-stage rotary vacuum 
pump. Three sight-tubes, fitted with clear fused-silica 
windows, are spaced down the body and pass through a 
water jacket. A flanged ring, carrying a flat spiral 
copper water-cooling coil, is fitted between the vacuum 
body and the diffusion pump. On this coil are mounted 
the bottom radiation shields, one each of copper, 
molybdenum, and tantalum in that order. Three tubular 
concentric radiation shields, two of molybdenum and one 
of tantalum, run the length of the vacuum shell, the 
spacing between the cylinders being maintained by 
ceramic sleeves over tantalum bolts. The three top radia- 
tion shields are of the same material in disc form and fit 
into the staggered ends of the cylindrical shields. 


The top, or lid, of the apparatus is of stainless steel, 
water-cooled over its entire area. Through the water 
jacket are passed service tubes for vacuum or gas 
admittance to the vacuum shell, and for mass-spectro- 
meter connections. Two rotary vacuum seals are fitted, 
the shaft of the larger being hollow and fitted with 
thermocouples. The smaller shaft carries three spaced 
stainless-steel discs, operation of this shaft moving the 
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discs over the apertures of the sight tubes to prevent 
vacuum deposits on the windows. The specimen of 
graphite can is held in position in the centre boss of the 
top lid by means of a screwed collar, which forces a split 
copper cone onto the specimen and its cone seating, thus 
providing good electrical contact. A central temperature- 
profiled rod of graphite runs down through the specimen 
onto a cone seating in its blind end. To the central rod is 
screwed a thick-walled, water cooled copper tube which 
extends out above the apparatus. Around the copper 
tube is a further tube of stainless steel running into an 
insulated O-ring gland in the top lid, both tubes terminat- 
ing in a brass block. This block carries the water inlet 
and outlets for the central rod extension, and also the 
helium or hydrogen gas inlet to the stainless-steel tube. 
Provision is made on the block for busbar attachment. 

The power supply to the apparatus is by a 240-V, 
single-phase transformer, with an output of 30V, 1200A, 
operated by a saturable reactor with d.c. control via a 
variable resistor. The supply is fed in through the brass 
block, down the thick-walled copper tube and the centre 
rod to the blind end of the specimen, and thence up the 
specimen wall and out through the casing. Temperature 
control of the specimen is effected either by thermocouples 
in the low range or an optical pyrometer in the higher 
ranges. When the required temperature is reached, 
helium or hydrogen is forced under pressure into the 
hollow specimen via the stainless-steel tube. The 
quantity of gas permeating through the graphite can then 
be detected by mass-spectrometer methods. By varying 
the power and the force applied to the brass block, a 
range of values of permeability for the specimen can be 
obtained for temperatures up to 2300°C and at various 
tensile loadings. 


Continuous Wire-Patenting Furnace 


The latest wire-patenting installation at the Doncaster 
works of British Ropes Ltd. is a 700-kW furnace designed 
by Efco Furnaces Ltd., of Weybridge, Surrey, in con- 
junction with British Ropes Ltd. Used for heating rod 
prior to quenching in a lead bath, the furnace has an 
open-type chamber accommodating 32 rods positioned 
by guide-blocks at both ends. Special precautions have 
been taken to avoid damage to elements and furnace 
brickwork when hooked joints in the rods pass through 
the chamber. Thus, the hearth and walls of the furnace 
are made of a hard non-scoring firebrick, while the ele- 
ments in the loading section of the furnace, where the 
rods may not lie flat, are protected by heavy guards 
suitably shaped to prevent the hooked ends from 
catching on them. 

The furnace chamber is 78 in. in width and has a 
heated length of 90 ft. The heating elements are of 
nickel-chromium strip, formed into a hairpin shape and 
mounted in the roof, and can be easily withdrawn for 
maintenance purposes. The elements are arranged in 
six independently controlled zones, each of which is 
supplied by a separate step-down transformer and has 
its own automatic temperature controller and recorder. 
To meet the stringent metallurgical requirements in- 
volved, special attention has been paid to the electrical 
loading of the individual zones, to the heat distribution 
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THE MONEY THAT MANAGEMENTS SAVE THROUGH MOBIL ECONOMY SERVICE 


More than £1,360 
saved in a year 

at J. Blakeborough 
& Sons Limited 


TAKING POSITIVE ACTION to cut maintenance and lubrication costs, 
J. Blakeborough & Sons Ltd., world famous valve manufacturers, consulted 
the experts—Mobil. After accepting their recommendations, and applying 
the correct lubrication programme, Blakeborough found that they had 
made direct savings of over £1,360. Indirect savings were estimated at a 
further £2,100. 

World-wide experience of industrial lubrication 

This example of the value of Mobil Economy Service is typical of many that 
could be cited from almost every industrial area of the world. In all these 
areas, the world-wide Mobil organization is applying more than 90 years’ 
experience to the cutting of lubrication and maintenance costs. 

One plan to meet all lubrication needs 

The value of Mobil Economy Service is the value of expert knowledge 
methodically applied: it is a matter of assessing all the lubrication needs of 
a business collectively; considering how they can best be met with the 
fewest different lubricants in the smallest quantities; and making sure that 
everyone concerned knows how to use the lubricants to the best effect with 
the absolute minimum of work. The astonishingly large savings that are 
often achieved are the measure of the experience and skill that Mobil bring 


to the consideration of every lubrication problem. 


MOBIL OIL COMPANY LIMITED - CAXTON HOUSE- WESTMINSTER- LONDONS.W.l1 ECONOMY, SERVICE 


THE ENGINEERS’ DIGEST 





necessary to provide a uniform temperature across the 
width of the furnace, and to accurate control along the 
whole length. The transformers supplying the individual 
zones are so designed that the power rating can be 
adjusted to give the fine control required. A further 
feature is that, after initial start-up or after operating the 
furnace at a reduced work output, the power distribution 
can be modified by means of a change-over switch on the 
control panel. In this way, more power is provided 
towards the inlet end of the furnace, enabling an in- 
creased output to be obtained. To conserve floor space, 
the electrical control gear, including transformers, switch- 
gear, and temperature controllers, is installed in a pent- 
house in a central position above the furnace. Access 
to this penthouse, which is more than 40 ft in length and 


11 ft in width, is provided by a stairway at one side of 


the furnace. 


3000-Ton Two-Column Forging 
Press 


Making it possible to undertake the work previously 
required by three presses, the new 3000-ton forging press 
installed at the works of Walter Somers Ltd., of Hales- 
owen, near Birmingham, is a two-column, oil-hydraulic, 
three-stage, draw-down unit, with three hydraulic 
working cylinders inline. As compared with conventional 
four-column designs of press, the two-column inverted 
design confers a number of advantages, including a 
saving in height, better access to press tools, and improved 
stability. In addition, the view of the operator is 
improved, there is less risk of fire, and the housing of 
electrical and pumping equipment is more compact. 


The press can be used with an effort of 1000 tons and a 
press speed of 7:5 ips, 2000 tons with a press speed of 3-75 
ips, Or at its maximum thrust of 3000 tons with a press 
speed of 2:5 ips. The approach speed is 9 ips, and the 
return speed is 14 ips. The press columns are set at 
14-ft centres on a centre-line at an angle of 30 deg. to the 
centre-line of the sliding anvil, giving the operator a 
completely clear view of the work under the press. There 
is 12 ft of daylight between the top moving crosshead 
and the sliding anvil plates, and the press stroke is 7 ft. 
The anvil is carried on hydraulically powered sliding 
plates, and the complete bottom tooling with the forging 
in position can be moved a total distance of 14 ft, or 7 ft 
each side of the working centre-line. The press is fitted 
with tool-change gear, enabling a complete set of tools to 
be changed in a matter of minutes. Six pumps are pro- 
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vided, these being driven in pairs by motors with a 
nominal rating of 500 hp each, with a peak power of 
1000 hp at a working pressure of 4500 psi. The pumps, 
each of which delivers 150 gpm of oil at 1500 rpm, are 
installed in the foundations below the press, as also is the 
hydraulic valve gear for controlling the working tonnage 
and the stroke of the crosshead and tools. 

The control desk is located square with the press 
anvil, permitting an uninterrupted view of the forging. 
Immediately behind the control desk are located special 
controls, of a type developed by B.I.S.R.A., for three 
overhead cranes of 30, 60, and 100 tons capacity 
respectively. In addition to the cranes, an independently 
controlled floor-mounted 13-ton manipulator, for 
handling certain types of forgings, is installed. A 
maintenance panel is located at some distance from the 
press and serves to indicate whether the motors, pumps, 
and ancillary equipment are operating satisfactorily. 


Industrial Level Controller with 
Two Electrodes 


A new version of their “Leveltron” industrial level 
controller is announced by Thomas Industrial Automa- 
tion Limited, of Altrincham, Cheshire, for use with two 
electrode units, one mounted at a high-level position and 
the other at a low-level position in a vessel, tank, or silo. 
The instrument can be used with any of the company’s 
standard range of electrodes, and the distance from the 
controller to the electrodes can be as much as 50 ft. 

The control unit has only one relay, which is de- 
energized when the high-level position is reached by the 
material involved, and is re-energized when the material 
falls below the low-level electrode, providing an auto- 
matic interlock between the two levels. Special contacts 
are fitted to the relay and serve to switch the electrodes 
into the circuit as required, so that, in effect, only one 
unit is required for both the high-level and low-level 
control of pumps, conveyors, valves, etc. 


Supersensitive Radio System of 
Personnel Location 


Radio systems of personnel location are recognized as 
efficient methods of getting into touch with mobile staff 
instantly and individually, without disturbing others. 
The basic principle of these systems involves the use of 
a small lightweight receiver carried in the pocket and, as 
soon as the receiver emits a given signal, the person con- 
cerned proceeds to the nearest telephone and announces 
his identity to the telephonist for further action. Several 
systems of this type are in use, but the outstanding feature 
of the system developed by Hasler Limited, of Berne, 
Switzerland, is the extreme sensitivity of the receivers 
used, resulting in economy of the loop aerials normally 
used to radiate the energy supplied by the transmitter. 
In fact, tests have shown that, with the Hasler system, 
one loop around a large modern hotel of steel construc- 
tion at the first- or second-floor level provides effective 
coverage throughout nine floors above ground level and 
three basements, as distinct from other induction systems, 
which require at least four loops for the same coverage. 

In the Hasler system, which is now being distributed 
in the U.K. by Tele-Nova Ltd., of London, S.W.1, the 
Electronics Division of the British Home & Office 
Telephone Co. Ltd., transmitters are available for either 
20, 56, 90, or 380 separate channels and can be integrated 
into a private automatic telephone system, so that un- 
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IMPALCOC ALUMINIUM can serve you in process, product or premises. 


j i Dd ( 0) Imperial Aluminium Company Limited Birmingham 


118 THE ENGINEERS’ DIGEST 








answered telephone calls can be automatically diverted to 
the pocket receiver and answered by the person called, 
who dials a predetermined number on the nearest internal 
telephone, connecting him instantly with the person 
calling, without the intervention of a third party. A 
variable signal distinguishes whether the call is made by 
the telephone operator or through the internal telephone 
system. The receivers are powered by batteries with an 
operational life of about one year, and the signal emitted 
can be heard clearly above ordinary industrial noise and 
has adjustable volume. For use in boiler-rooms and 
areas of excessive noise, a special model is available. The 
receiver has an attractively designed case of semi-pliant 
plastic and measures only 3} x 2 » | in., its total weight 
being less than 6 oz. The control panel, which is nor- 
mally sited with the telephonist, can be duplicated, if 
required. In this case, there are two sources of trans- 
mission, each with its own particular signal, so that the 
user of a receiver knows from which station the signal has 
originated. 


Slide-Way Scrapers for Machine 
Beds 


Designed for use wherever metal carriages, tables, or 
arms slide over machine-tool beds, rails, columns, etc., 
the range of slide-way scrapers announced by Vulcascot 
(Great Britain) Ltd., of London, N.W.8, provides 
positive protection against shavings, chips, abrasives, 
dirt, and other harmful materials. Their design is such 
that they ensure extremely accurate fits, so that harmful 
materials are prevented from being deposited either on 
the lip of the scraper or from being carried behind the 
heel to cause damage to metal beds, etc. Furthermore, 
they are resistant to water, oils, acids, and alkalis, possess 
great flexibility and abrasion resistance, and have a long 
and dependable service life. 

These scrapers are precision-moulded from synthetic 
rubber and are available in four basic types. Of these, 
Type A is spring-loaded and metal-encased, while Type B, 
which incorporates a bonded metal strip for drilling 
accurate screw holes, is more flexible and is intended for 
curved and contoured surfaces. Type C is of plain 
synthetic rubber and is particularly adaptable for use in 
circular applications, while Type D incorporates a bonded 
finger spring and is also designed for use on columns and 
other circular applications. All four types are supplied 
in manufactured lengths of 22 in. and can easily be cut to 
the required length and drilled for attachment to sliding 
members by means of bolts or screws. 


The ““Monomer-Casting’”’ Process for 
Producing Massive Nylon-Shapes 


It is announced by Polypenco Ltd., of Welwyn 
Garden City, Herts., that, through their parent company, 
The Polymer Corporation, of Reading, Pa., they have 
acquired the exclusive rights to use in the U.K. and many 
other countries a new process which makes it possible to 
produce finished nylon parts of considerable mass. 
Designated “‘Monomer Casting”, the new process, the 
basic chemistry of which was discovered by the Mon- 
santo Chemical Company, and which is the subject of 
numerous patent applications by Monsanto, converts 
monomeric raw material directly to finished nylon parts 
at atmospheric pressure. The monomer, which becomes 
a mobile liquid, fills the recesses in the mould and poly- 
merizes to a solid uniformly without forming vacuum 
bubbles, thus permitting the casting of complex com- 
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ponents of far larger dimensions than have hitherto 
been possible. 

In conventional techniques, the nylon is moulded 
into finished form from granules of powder previously 
polymerized in large-scale chemical operations. In the 
monomer-casting process, five steps required in con- 
ventional methods of manufacturing moulding powder 
are eliminated, and the cost of the raw materials is 
considerably reduced. The material used, designated 
MC nylon, is a Type-6 nylon formulation, but exhibits 
physical properties which span the range of properties 
available in nearly all nylons at present in industrial use. 
It should also be noted that the need for expensive 
moulds, such as those required in conventional injection 
or extrusion moulding, is eliminated. Thus, for instance, 
the cost of a monomer-casting mould for producing a 
component weighing about 7 lb at atmospheric pressure 
should be not more than 10°% of that required for an 
injection-moulded part of the same weight at pressures 
up to 20,000 psi. It must, however, be appreciated that 


the monomer-casting process will not compete with in- 
jection moulding for the mass production of small parts, 
where mould costs are relatively low and injection cycles 
are as short as from 15 to 30 sec, as monomer casting 
would require a minimum of about 5 min per unit. 


Although the new process uses techniques similar to 
those used in casting metals, there are certain differences. 
Thus, the moulds for monomer-cast nylon must te non- 
porous, because of the low viscosity of the monomer. 
Consequently, sand moulds cannot be employed, though 
permanent moulds can satisfactorily be made of metal, 
glass, or ceramics. Also, careful chemical and tempera- 
ture control is essential, as the nylon solidifies by poly- 
merization, as distinct from cast metal parts, which 
solidify by heat loss. 

Castings made from MC nylon are stated to cost 
substantially less than comparable stainless-steel or 
brass castings and to compete favourably with alloy 
steels. It is expected that, in the next few years, increasing 
volume and production economy should reduce the costs 
to about 50% of the present level, making MC nylon 
competitive with carbon-steel and aluminium castings. 
The largest monomer-cast nylon parts so far produced 
have been semi-finished symmetrical shapes in the 500- 
to 700-lb range, equivalent to a weight of 2 tons for a 
steel casting of the same size. Theoretically, however, 
there is no technical limitation to the size of part that can 
be made by the new process. 
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High-Performance Air-Blast 
Circuit-Breakers 


To cater for world requirements for circuit-breakers 
with a very high performance at the highest voltages, 
The English Electric Co. Ltd. have developed air-blast 
circuit-breakers suitable for voltages from 132 to 650 kV 
and possibly higher, with current ratings of 2000 and 
4000 A, short-circuit ratings up to 50 or 60 kA, and very 
short total break times. An order for the first 400-kV 
switchgear of this type has already been received from the 
Central Electricity Generating Board for installation at 
the West Burton Power Station, and covers thirteen 
35,000-MVA air-blast circuit-breakers, eight of which 
will be rated at 4000 A and five at 2000 A, together with 
the power-operated isolators and other apparatus 
necessary to form a complete duplicate busbar switching 
station. 

The new breaker, designated the “‘frame ‘r’ ” breaker, 
is manufactured on a unit basis. Each unit is fully works- 
tested separately, thereby avoiding the necessity of 
assembling the complete breaker in the works. Various 
ratings are met by the use of multiples of a unit interrup- 
ter, connected in series horizontally and capabie of 
extension to the highest voltages. The contacts are 
pressurized at full air pressure both in the open and 
closed positions, so that full operating pressure is avail- 
able at the contacts and there is no pressure drop or time 
delay in filling support insulators, such as occurs with 
breakers having blast valves located at the air receiver. 
Also, as the contacts are pressurized in the open position, 
the normal make-switch is dispensed with, minimizing 
air consumption and eliminating external moving parts 
which may be subjected to icing and other adverse 
weather conditions. Other features include a neat and 
clean appearance, the reduction of height to a minimum, 
easy accessibility of all parts for inspection and main- 
tenance, and a greatly increased speed of opening, as the 
arcing contacts do not part until approximately half the 
travel has been completed. 

The interrupters can be arranged in a T formation 
(two interrupters per column), a Y formation (four 
interrupters per column), or a combination of both, i.e., 
a YT formation. Thus, a three-column breaker with six 
interrupters in a T formation is suitable for 275/330 kV, 
15,000 MVA, and a two-column breaker with eight 
interrupters in a Y formation is suitable for 400 kV, 
25,000 MVA. The illustration shows a ten-interrupter 
breaker made up of two four-interrupter units in a Y 
formation (one at each end), with a two-interrupter unit 
in a T formation in the middle. This YT formation is 
suitable for 400 kV, 35,000 MVA, or for 500 kV, 30,000 
MVA. Other arrangements are, of course, feasible, and 
it will be appreciated that, for breakers with two or four 
interrupters per phase, all three poles can be accommo- 
dated on one air receiver. 

The high-pressure air (300 psig) is contained within 
the support columns and interrupter porcelain within 
epoxy-resin-bonded glass tubes. The outer space 
between the tubes and porcelain is permanently held at a 
1961 
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pressure of 2 psig The actuating device is a small 
pneumatically operated spring trip mechanism of the 
type used successfully for many years in oil circuit- 
breakers. This mechanism is located in a cabinet 
attached to the main air receiver of one phase and 
operates control levers situated in a box on the centre 
casting of each pair of interrupters by means of epoxy 
glass-fibre rods located in the space between the porce- 
lains and main epoxy-resin-bonded glass tubes. These 
rods are spring-loaded, so that there is no lost motion 
due to slack. To initiate a trip operation, the shunt 
trip coil is energized, thereby releasing the latch and, by 
means of the epoxy glass-fibre rods, the subsequent 
motion causes the master levers in the interrupter control 
boxes to depress the pilot trip valves, which in turn feed 
the blast valves. To close the breaker, the mechanism 
restores the rods to the latched position, thus causing the 
master levers to depress the closing valves in the 
interrupter control boxes. 


The interrupters, which are built in pairs with one blast 
valve and control mechanism per pair of interrupters, 
consist of a cylindrical fixed main contact housing a 
spring-loaded arcing contact and a moving throat 
located in a second cylinder attached to the centre casting. 
Opening of the blast valve drains the air from the back 
of the operating pistons and the back of the moving 
throat, causing the latter to move inwards towards the 
centre of each interrupter pair. The main current- 
carrying contacts part, leaving the circuit made through 
the arcing contacts. The spring-loaded arcing contact is 
arrested at about half the travel distance of the moving 
throat, thus providing a high-speed break. The arc is 
drawn, transferred to the arcing tips, and extinguished 
by the flow of air through the nozzle. 

Levers attached to the moving shaft operate a special 
toggle device which mechanically holds the contacts 
either closed or open and prevents contact movement in 
the event of an air leak. The same movement, trans- 
mitted by a lever, resets the master operating lever to the 
neutral position ready for closing, and allows the pilot 
valve and consequently the blast valve to close. The 
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Those people born under the sign of the Vole 
burrow their way to the top of their profession to 
become chief purchasing officers, chief engi- 
neers, chief draughtsmen and chief designers. 
Vole men are specialists in their field of country 
and know exactly what they want. Vole men are 
perfectionists. They yearn for one material that 
combines the properties of many—a material 
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(Regd. Trade Mark) 


that is light yet strong and hard wearing, resis- 
tant to corrosion and a good electrical insulator. 
They expect this ideal material to resist deterior- 
ation in storage, to machine easily with ordinary 
tools, and to be available in sheets, tubes, rods, 
angles and channels. Many Vole men have al- 
ready ferreted out this remarkable material— 
“VOLE” brand Tufnol. They have also discover- 
ed that Tufnol is available in eleven other brands, 
each with pre-determined properties. 

All brands of Tufnol are laminated plastics, 
each formulated to satisfy specific requirements— 
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January 1st and December 31st, this could be 
yourlucky week—the week you discovered Tufnol. 

‘Phone or write to your local Tufnol Branch 
Office, and we predict that you will thank your 
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whole of the interrupter space is then repressurized to full 
pressure, so that the breaker in the open position will 
withstand the full system voltage. When the closing 
valve is operated, it drains the space in front of the 
operating pistons to atmosphere, and the differential 
pressure causes the moving throats to close. Making is 
effected on the arcing contacts under full pressure, with 
negligible pre-arcing, and the spring-loaded arcing 
contact is then driven home, allowing the main current- 
carrying contacts to make. The levers then return the 
toggle device to its original position and reset the master 
lever in the neutral position ready for tripping, thus 
allowing the closing valve to close. 

Immediately following each operation the control 
mechanism and contacts are ready for the next operation. 
The mechanism itself is of the quick-reset pattern, so that 
only the addition of an auto-reclose timing relay is 
necessary. Dead times down to 10 cycles or even less 
can be attained and, by means of the relay, any higher 
dead times can be used. Because of the inherent design 
features, arcing times are kept to the minimum, the 
breaker having a total break time of 0-05 sec maximum, 
i.e., 24 cycles on a 50-cps basis. Performance on line 
dropping is extremely good, owing to the high pressure 
and fast break, and the breaker is restrike-free. 

The breaker can be equipped with two types of 
resistor, i.e., heavy-duty and light-duty. Heavy-duty 
resistors are required for making the breaker suitable for 
interrupting short line faults where the short-circuit duty 
per interrupter is particularly high. The performance of 
the interrupter is so good that it is only for the more 
onerous short-circuit levels that these resistors are 
required, and even then it is not necessary to apply full 
critical damping of the line side transient, but only 
sufficient damping to bring the rate of rise of restriking 
voltage within the capability of the interrupters. Light- 
duty resistors can be employed in all other cases, their 
function being to ensure voltage division between 
interrupters when the breaker is breaking current and to 
damp out over-voltages when the breaker is switching 
low inductive currents. Both sizes of resistor require 
resistor interrupters, and these are automatically switched 
on operation of the last valve. Capacitors are fitted 
across the interrupters to ensure even voltage distribution 
in the open position and also to help the resistors in this 
duty when the breaker is opening the circuit. 


High-Sensitivity Sucrose Detector 


In the processing of sugar, severe corrosion of 
boilers as a result of sugar in the condensate has been a 
long-standing and serious problem, and can only be 
avoided by frequent sampling of the condensate returns 


and subsequent laboratory analysis. Unfortunately, 
laboratory tests have hitherto been sensitive to residuals 
down to about 10 ppm of sugar, so that any leakages of 
sugar below this value have had to be tolerated and the 
resulting acidity compensated by the addition of caustic 
soda to the boilers. It is now reported, however, that 
this problem has been solved by means of a new sucrose 
detector being produced by William Boby & Co. Ltd., of 
Rickmansworth, Herts. With this detector, the presence 
of as little as 2 ppm of sugar can be detected, and the 
equipment can be fitted with a relay to operate an alarm 
signal or alternatively a shut-down or dump valve. 

The instrument, the principle of which is based on an 
analytical method developed by the British Sugar 
Corporation Ltd., involves the use of three simple 
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reagents and an automatic built-in heater to boil the 
sample, the presence of sugar in the sample producing a 
colour change which is detected photo-electrically. 
Essentially, the method comprises boiling the sample at a 
low pH-value to hydrolyse sucrose to glucose and 
fructose, after which the pH-value is adjusted to 11 or 
above and the reagent triphenoltetrazolium chloride 
(TTC) is added. In the presence of reducing sugars, a 
strongly coloured precipitate called formazan is produced. 
These reactions are controlled by means of a multi-cam 
timing device which operates a number of valves and the 
electric heater in the proper sequence, ard then switches 
in a photo-electric cell. The reactions, as well as the 
measurement, are carried out in a glass tube, the complete 
detector comprising two small cabinets, one measuring 
is x 13 10 in., and the other 10 = 10 » 8 in. 

In operation, a measured sample of the water to be 
tested is introduced into the reaction tube, and a 
measured amount of acid from a stock tank is added. 
The electric heater then brings the acidified sample to the 
boil for a period sufficiently long to complete the 
hydrolysis, after which a measured quantity of caustic 
soda solution, also from a stock tank, is added to correct 
the pH-value, followed by a measured amount of TTC. 
Boiling continues up to this point, in order to mix the 
reagents and promote the reaction. The heater is then 
switched off, stopping ebullition, and the photo-electric 
cell takes a measurement across the glass tube, the 
signal from the cell being amplified and, if it falls 
short of a preset value, operating the alarm or other 
circuit. After measurement has been completed, the 
sample is drained out and a new cycle commences. 


Automatic Fluxing Machine for 
Printed-Circuit Boards 


The new “Flowfluxer’ automatic fluxing machine 
announced by the Flowsolder Division of Fry’s Metal 
Foundries Ltd., of Mitcham Junction, Surrey, has been 
developed specifically to speed up the fluxing process on 
production lines handling printed-circuit boards or 
panels. A special feature is that the boards move along a 
straight path, simplifying transfer-mechanism design and 
avoiding any hesitation, deviation, or break in production 
flow. After assembly, the panels pass through a smooth 
wave of flux, ensuring complete coverage and excellent 
joint penetration. There is no flux on the top side of the 
board, and flux brushing and flat dipping are eliminated, 
saving time and cutting wastage. 


The machine, which is of compact design and is easy to 
operate, essentially comprises a stainless-steel storage tank 
of about 2 gallons capacity and measuring 12 x 9 = 16in. 
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DRIVE FOR SMOOTH PRECISION 
WITH INDUSTRIAL DIAMONDS 


The finest pistons are turned with diamond 
tools and, for matching precision, their con- 
rods are honed with diamonds. 

Industrial diamond tools cut, grind, and 
polish with unsurpassed speed and accuracy 
and so make a vital contribution to increas- 
ed efficiency and production in thousands 
of engineering processes. 


To find out if diamond abrasives, diamond 
tools or diamond impregnated wheels can 
help youin your problem, please get in touch 
with the Industrial Diamond Information 
Bureau. This Bureauis backed by the worid’s 
largest laboratory devoted to diamond tech- 
nology - The Diamond Research Laboratory 
in Johannesburg. For information and 
advice, without obligation, please write to 
the address below. 


The Industrial Diamond Information Bureau 


2 CHARTERHOUSE STREET (DEPT. 3), LONDON, E.C.1 
Telephone: Fleet Street 7157 
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deep. From the tank, the flux is drawn by a stainless- 
steel pump, with a specially designed impeller of 3 in. 
diameter, through stainless-steel tubes to a stainless-steel 
nozzle inside the tank. The pump, driven by a }-hp 
electric motor, delivers approximately 12 gpm at the 
nozzle aperture in the form of a smooth domed wave, 
whose height can be adjusted very accurately by means of 
a butterfly valve operated by a worm-gear mechanism. 
The design of the machine is such that cleaning can be 
effected very easily, and the necessary controls are simple 
and conveniently grouped on a control panel. An 
easily accessible drain tap is provided at the back of the 
machine to facilitate emptying, and a drip tray is 
incorporated to guard against accidental spillage from the 
tank. To ensure that clean flux is delivered from the 
nozzle, a removable filter is fitted to the tank outlet and a 
permanent filter to the nozzle. In addition, a nylon 
wiper is located alongside the nozzle to prevent dripping 
of excess flux. 

When the fluxing machine is used in conjunction with 
the Fry ‘“Flowsolder’ automatic soldering machine, 
which works on the same principle, a completely auto- 
matic production line for soldered printed-circuit 
boards is produced. In this case, the panels, after 
passing through the fluxing machine, are preheated over 
infra-red elements and are carried by an automatic 
transfer mechanism to the soldering machine, where 
they are automatically soldered by a continuous wave of 
hot, clean solder. The illustration shows the automatic 
fluxing machine in a demonstration production line, with 
a printed-circuit board in its carrier ready to pass through 
the flux over infra-red driers and then through the 
soldering machine. It should be noted, however, that 
the fluxing machine can, if desired, be installed in any 
soldering production line. Furthermore, its use is not 
exclusively limited to fluxing operations, as its tank 
design is such that it can also be used satisfactorily for 
preservation or other suitable applications. 


Coil-Spring Terminal Connectors 
for Telephone Wires 


A new type of connector has been developed by the 
Bell Telephone Laboratories, of New York, and is now 
being produced by the Western Electric Company for use 
by local Bell Telephone companies. The connector, 
which is intended for connecting plastic-insulated 
small-gauge wires to terminal posts, is expected to 
supplant the conventional method of connecting telephone 
wires to terminals by means of an arrangement embodying 
a binding-post and nut, and will be used in terminal 
boxes such as those mounted on telephone poles and in 
the basements of buildings. With the new type of connec- 
tor, wires can be connected rapidly, without the 
preliminary requirement of stripping the insulation. In 
addition, the wires can be connected and disconnected 
without disturbing other wires connected to the same 
post. By contrast, when a binding-post and nut are used, 
all wires on the post must often be disconnected and then 
reconnected to service one wire. 

The new connector has the appearance of a coil 
spring, but has the important difference that, instead of 
using round or oval spring wire, the wire is square-shaped. 
When the insulated wire is looped once around the 
spring and pulled tight, the wire is forced between two 
turns of the coil, the sharp square ends of the connector 
biting through the plastic insulation and making with the 
wire multiple contacts which are both electrically stable 
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and vibration-proof. Other wires can be forced into 
other turns of the coil spring, and any wire can be 
removed without disturbing other wires. The connector 
is made of tin-plated phosphor-bronze wire, about 4 in 
square, wound into a coil of about 3 in. outside diameter. 
A brass post through the centre of the coil supports it 
and attaches it to the terminal block. The present design 
of terminal block has two rows of coil-spring connectors 
and will be used initially as multiple terminals for offices 
and apartments. Tests on these connectors in reactive 
environments, e.g., hydrogen sulphide, and under 
changing temperature conditions show that the wires 
themselves will fail before the electrical connections are 
affected. 


Twin-Cylinder, Water-Cooled 
Outboard Motors 


A new range of five outboard motors, suitable for a 
wide variety of craft, is announced by the Perkins Group 
and will be marketed throughout the world in 1962. 
Rated respectively at 44, 64, 18, 30, and 40 hp, all these 
water-cooled motors have well-silenced two-cylinder, 
two-stroke power heads and are of attractive streamlined 
design. All models feature the use of a separate fuel 
tank, the respective capacities being about 2} gal for the 
44- and 64-hp motors, and 54 gal for the 18-, 30-, and 
40-hp motors. The use of a fuel tank not attached to the 
engine, but carried separately in the boat, is unusual in 
the case of smaller motors, such as the 44-hp motor, and 
has the advantages of giving the motor a far greater 
range than a small built-in tank, as well as doing away 
with the necessity for carrying petrol cans and making 
the motor easier to carry. All models use a petrol /oil 
mixture, ranging from 16:1 for the 44- and 64-hp 
motors to 21: 1 for the 18-hp motor and 24: 1 for the 
30- and 40-hp motors. 


~. 


% 
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The Perkins 6:5 motor, rated at 64 hp at 4500 rpm, is a 
greatly improved and up-rated version of the current 
Perkins 6-hp model, while the Perkins 18 motor, rated at 
18 hp at 4500 rpm, has been developed from the present 
16-hp motor and is available with electric or with 
manual starting. The Perkins 4-5 motor, rated at 44 hp 
at 4000 rpm, is an entirely new design, with an extremely 
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“any other form 
of water heater 
would have been 


extortionate”’ 


and not so convenient, immediate, 
or economical. 


The Works Director was talking about 
Leonard steam water heaters which, 
from available steam and cold water 
lines, provide abundant thermostatically- 
controlled water at low cost. 


It all began with a note to 


WALKER CROSWELLER AND COMPANY LTD., CHELTENHAM, GLOUCESTERSHIRE. 


126 THE ENGINEERS’ DIGEST 





neat appearance. Its oval top shroud, like the 64-hp 
motor, contains a built-in cord-type manual starter with 
automatic rewind, four-port reed-type intake valves, and 
a semi-weedless propeller with shear-pin protection. 
A special feature of this motor is that it can be rotated 
through 360 deg., giving great manoeuvrability and 
obviating the need for a reverse gear, as distinct from the 
other motors in the range, which have a forward, neutral, 
and reverse gearbox. 

The Perkins 40 motor, rated at 40 hp at 4500 rpm, is 
of special interest, by virtue of its “sealed-off’ power 
head suspended on rubber mountings. This feature, 
combined with an improved downward-directed silencing 
system, has conferred on the engine a vibration-free 
quality and exceptional freedom from noise. The 
throttle and gear-shift remote-control system are 
concealed beneath a one-piece fibre-glass top shroud, 
which can be removed instantly by operating a single 
finger-pressure catch. As with all motors in the range, 
an under-water exhaust is provided, and cooling is 
effected by forced circulation from a submerged water 
pump with a neoprene impeller, tell-tale holes being 
fitted at the rear for a visual check of circulation. The 
motor, like the Perkins 30, which is rated at 30 hp at 
4500 rpm and is of basically similar design, is fitted with 
poppet-type intake valves and is available with either 
electric starting and emergency manual starting, or 
manual starting with automatic rewind. The weight of 
the 40-hp motor is 130 Ib (manual starting) or 137 Ib 
(electric starting), as compared with about 125 or 132 Ib 
for the Perkins 30 motor, 85 or 95 Ib for the Perkins 18 
motor, 60 Ib for the Perkins 6-5 motor, and 40 Ib for the 
Perkins 4:5 motor. 


Automatic Fabric Dust-Collector for 
Continuous Filtration 

The new “Dalamatic’”’ automatic fabric filter, 
announced by Dallow Lambert & Co. Ltd., of Thur- 
maston, Leicester, incorporates an integrated system of 
standard filter units in such a way that it is possible to 
assemble installations capable of handling air volumes of 
the order of 100,000 cfm (or more, if required), coupled 
with a filtration efficiency of virtually 100°, low energy 
requirements and maintenance costs, uniform air through- 
put, reliable operation, and compactness. Although the 
equipment uses limited quantities of compressed air as a 
cleaning medium, it embodies the fundamental dynamic 
air-flow characteristics generally associated with some 
blow-ring types of filters, but has the additional advantage 
of having no mechanical moving parts. 

In its simple form, the unit can consist of assemblies 
of one, two, or three tiers, mounted on a hopper, silo 
pressure vessel, or conveyor to suit individual applica- 
tions, a diagrammatic view of a three-tier, hopper- 
mounted assembly being illustrated. Each tier contains 
nine filter elements with a fabric area of 60 sq ft, ice., 
180 sq ft for the three-tier assembly shown. The filter 
elements consist of pad-type sleeves fitting over a specially 
designed matrix and header and can be constructed in a 
wide variety of natural or synthetic, woven or non- 
woven materials. The filter elements also act as flow 
straighteners and exert a significant influence on air-flow 
stability within the filter. The method of assembly used 
permits pad removal and inspection from the clean side 
of the filter, with practically none of the contamination 
normally associated with such a procedure. The filtration 
velocities obtained are substantially greater than those 
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experienced with filters of orthodox design. Thus, a 
single three-tier assembly has an average continuously 
rated gas throughput of about 2000 cfm. For higher 
throughputs, multi-assemblies can be built up in a side-by- 
side or back-to-back arrangement, or a combination of 
both. 

In operation, contaminated air is entrained into the 
filter above the level of the elements, passes downwards 
between them, and is filtered into a common outlet 
header running the height of the filter. Dust initially 
retained on the filtering medium is removed to the 
hopper below the filter and is eventually discharged by 
means of a rotary seal or by other conventional methods. 
In applications involving a heavy dust or product burden, 
a primary separator is integrated within the filter hopper, 
only the fines being circulated through the filter, so as to 
avoid any tendency to fabric abrasion becoming a 
significant factor. 

The control of pressure drop caused by the deposition 
of collected dust on the filter medium is obtained by 
subjecting each vertical row of filtering elements to a 
predetermined cleaning cycle. Specially designed nozzles 
leading from high-pressure air-distribution lines extending 
over the element outlets deliver abrupt blasts of high- 
pressure air into the elements in a controlled sequence 
As a result, there is a momentary reversal of the flow of 
filter air and this, coupled with a measured shock wave 
to the fabric element, dislodges the deposited dust, which 
falls into the hopper below. This movement of dust is 
greatly assisted by the overall air-flow profiles obtained 
with the design of contaminated-air inlet used. The 
duration of compressed-air delivery is so limited that there 
is no appreciable diminution of the main air throughput. 
The control of compressed-air delivery is effected by 
solenoid valves activated by a variable electrical impulse 
controller, different frequencies being used to suit 
different dust characteristics. The controller is mounted 
in a dust-tight enclosure and incorporates a constant- 
speed micro-motor which drives a multi-cam assembly 
through a series of reduction gears, activating the solenoid 
valves in turn by the sequenced operation of micro- 
switches. 
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EXPERIMENTAL SPRINGS? 


Don't 


No. 1200 
Three dozen Assorted Light 
Expansion Springs, suitable for 
carburettor control, etc. 15/-. 


grope here... 
os 


¥ 
é 


No. 760 
Three dozen Assorted Light 
Compression Springs. 1” to 4” long, 
22 to 18 S.W.G., }” to 4” diam. 7/6. 


Select your 
SJ elaialeks 


Three dozen Assorted 1” to 4” 
long, 4” to 3?” diam., 19G to 
15G. 6/6. 





Extra Light Compression, 1 

gross Assorted, }"to 4” diam., 

ng 2)" long, 27 to 19S.W.G. 
/-. 








No. 753 
Three dozen Assorted Light 
Expansion }” to 4” diam., 2” to 6” 
long, 22 to 18 S.W.G. 12/-. 








Have you a Presswork problem? 


Ifso, the help of our Design Staff is yours for the asking. 





Really interested in Springs? 


and Calcula- 
ition tells all— 


“Spring Desi 
tions” 10th 
post free 12/6. 





Cut Production Costs with Terry's 
Wire CIRCLIPS. We can supply 
immediately irom stock — from 
* tof’. 





Fine Expansion Springs. 1 
gross Assorted }” to #” diam., 
iat” 2” long, 27 to 20 S.W.G. 





No. 1217 

One gross 
Assorted Springs 
45/- 


That spring you want... in 
a hurry . . . where is it? 
Pick what you want, when 
you want it, from TERRY’S 
Boxes OF ASSORTED SPRINGS 
—our fine range of small 
boxed assortments of 
experimental springs. We 
can show you only a few 
from the range here. Send a 
postcard for our full list— 
and if ever you’re stuck 
with a spring problem send 
it along to our Research 
Department—they’ll gladly 
help you out. 


TERRYS 


for SPRINGS 


Looking for good Hose Clips? 
Send for a Sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 











HERBERT TERRY 
& SONS LTD. 


Redditch, Worcs. 


(Makers of Quality Springs, 
Wireforms and Presswork for 
over 100 years.) 
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Generalized Educational 
Electrical Machine Set 


Specially designed to teach the general approach to 
electro-mechanical energy conversion and to provide 
facilities for advanced research into electrical machines, 
the generalized electrical machine set developed by 
Mawdsley’s Ltd., of Dursley, Glos., in collaboration 
with Dr. J. E. Brown of the University of Bristol and 
Mr. J. Kirkham of Oldham Technical College, makes it 
possible to demonstrate on one machine the complete 
range of operating modes of every type of a.c. and d.c. 
motor and generator. The set is suitable for use in 
laboratory courses at all educational levels, and is equally 
sstisfactory for illustrating either the new unified approach 
to electro-mechanical energy conversion or, at the most 
elementary level, the interrelationship between the 
performance characteristics of standard machine types. 

The complete set consists of the generalized machine 
itself, a d.c. machine, and a torque-measuring unit, 
together with a built-in a.c. tacho-generator for measuring 
rotor speed. The generalized machine and the d.c. 
machine are coupled together and are mounted on a 
fabricated steel bedplate. The torque-measuring unit is 
completely separate, involving no electrical connections 
to the rotating shaft. The nominal rating of the 
generalized machine as a three-phase, four-pole induction 
motor is 4 bhp at 240 V, 50 cps, and 1400 rpm. The 
machine will, however, withstand severe overloads of the 
type regularly encountered in educational laboratories, 
and the insulation has been treated in such a way that a 
maximum winding temperature of 110°C can be tolerated. 
Provision is made for temperature measurements by 
means of a thermocouple and a mercury thermometer. 


~~ 


The stator of the generalized machine has a con- 
ventional four-pole a.c. winding in 48 slots, the ends of all 
48 coils being brought out to 96 terminals symmetrically 
arranged in four concentric circles. In this way, the 
stator windings can be connected in either two-phase or 
three-phase form and, by suitable interconnection of the 


coils, for several different pole numbers. The position of 


slot No. 1 is clearly marked on the stator exterior for 
reference purposes, and a search coil is wound around a 
single stator tooth. 

The rotor of the generalized machine has a four-pole 
lap winding in 36 slots, with a set of six symmetrical 
tappings to both sets. Special provision is made for 
connecting these tappings to four sliprings in various 
ways. A search coil around a single rotor tooth is 
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permanently connected to two additional sliprings. 
The commutator, which has 144 segments, is equipped 
with two sets of brushgear and a pair of search brushes. 
One set of twelve brushes is similar to the racking 
brushgear of a Schrage motor, connections to all twelve 
brushes being brought out to the terminal panel. A 
second set of four brushes can be fixed in any desired 
position or driven around the commutator at speeds up 
to 750 rpm by means of a separate overhung brush- 
carriage motor. Connections to these brushes are 
brought out to the terminal panel via sliprings. The 
search brushes, with a variable span from 0 to 8 com- 
mutator segments, can be used to measure voltages 
between segments at all points around the periphery of 
the commutator. Scales are provided to permit measure- 
ment of the displacement of all brushes. In addition, 
provision has been made for shorting together all the 
commutator bars by means of a specially designed ring, 
producing a semi-squirrel-cage winding which responds 
to the various pole numbers that can be produced by the 
stator winding. 

The d.c machine can be either a standard machine or 
the swinging-frame dynamometer, as used in several 
other Mawdsley educational machine sets. The frame of 
the dynamometer carries the field system and is mounted 
in pedestal trunnion bearings. A torque arm, with a 
simple reversing linkage, is connected at a radius of 0-5 
metre to a spring balance calibrated in newtons. The 
movement of the swinging frame is restricted by stops 
above and below the torque arm. 

The specially developed torque-measuring unit 
utilizes a radically new method of measuring the effects of 
the changes in permeability occurring in planes at angles 
of 45 deg. to the axis of a shaft subjected to torsional 
stress. This self-contained unit essentially consists of a 
main component and the associated excitation and 
measuring equipment. In appearance and construction, 
the main component is similar to the stator of a small 
electric motor with the shaft itself as the rotor. This 
stator is of split construction, so that it can easily be 
slipped around the shaft whose stress is to be measured. 


Portable Instrument for 
Measuring Earth Resistivity 


The new “Terrameter’’, announced by A.B.E.M. of 
Stockholm, Sweden, is a compact, lightweight, very-low- 
frequency a.c. instrument capable of achieving con- 
sistently accurate determinations of earth resistivity, 
even under the most varied and difficult geographic, 


climatic, and geological conditions. Using built-in 
standard dry batteries, the instrument is simple to 
operate and requires little or no maintenance. All 
components are fully tropicalized and are sealed against 
the ingress of moisture, dust, etc. 

A special feature of the instrument is its insensitivity 
to disturbances from stray electric currents, either from 
nearby power lines, radio and television transmitters, or 
ground telluric currents, which so often upset earth- 
resistivity measurements. As a result, the instrument is 
ideally suitable for measuring very small resistances. Its 
high sensitivity and accuracy (43% for readings as low 
as 0-01 ohm, or +-10% for readings of 0-003 ohm) make 
the instrument suitable for use in structural investigations 
to depths of 2000 feet at a specific resistance of 50 ohm- 
metres, and make it possible to carry out rapid, reliable, 
and economic resistivity surveys for ore-prospecting, 
water-exploration, and depth-to-bedrock determinations. 


129 





The smoother and cleaner the casting the more accurately 
it fits into the machining jigs allowing saving of time 
during machining process. At Gloucester, Malleable iron 
castings are as clean as modern science and machines can 
make them. Superb core making equipment, careful 
analysis of sand at every stage of the core making and 
moulding processes, the use of special mould and core 
dressings, ensure clean castings, even as they leave the 
“knock out” bay for final fettling. The elevator type 
electric-furnace anneals in 48 hours instead of the usual 
7 days. It also allows greater control of the casting during 
annealing, resulting in uniformity of metal, greater strength, 
and — a smoother, finer skin. Gloucester can handle large 
runs of malleable iron castings for the automobile, railway, 
electrical and farming industries. 

Gloucester are always willing to visit customers and help in the 
design of castings to save time and cost in production. 


Right: 


Spring mounting 

bracket in 

Malleable Iron 

Weight 84 Ibs. 

Left: 

Vehicle pinion housing in 
Malleable Iron. Weight 28 Ibs. 


A typical Gloucester Malleable specification. 





Gloucester Gloucester Lamellar 
Blackheart Malleable Pearlitic Malleable 





Elongation ss 18% Elongation ve s% 
Yield Point ++ I2tons Yield Point -+ 24tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi 


Gloucester Foundry Ltd., Emlyn Works, Gloucester 
Telephone: Gloucester 23041 - Telegrams: ‘Pulleys’ Gloucester 
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Tempilstiks® 


REGD. TRADE MARK 


the amaying Crayon 
that tell temperatures 


PREHEATING - STRESS RELIEVING - ANNEALING 
NORMALISING + HARDENING - TEMPERING 
FORGING - CASTING - HARDFACING - FLAME- 
CUTTING - TYRE RETREADING - PLASTIC 
MOULDING - SHELL MOULDING - INDUCTION 
HEATING - PLASTIC POSTFORMING - HEAT- 
TREATING IN GENERAL. 


@ Select the Tempilstik® for the working 
temperature you want. 
@ Mark your workpiece with it. 


@ When the Tempilstik” mark melts, the 
specified temperature has been reached. 








For illustrated brochure write to: 


J. M. STEEL & CO. LTD., 


36-38 KINGSWAY, LONDON, W.C.2. 
Tel: HOLborn 2532/5 
Also at: Manchester - Birmingham - Glasgow 
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Multiple Disc Clutches 


f t a Electromagnetic 
or op eee have proved their efficiency and reliability 
|i Paes on a wide variety of machines. Time loss is 
minimised during changeover stops. Work 


20 eee i ep spindle speed can be varied over a wide range 
* ~e at constant power. Ratios of feed-drive speed 


to rapid-motion speed in excess of 1:50 are 


fast pe -l-o -W ~~ j he easily obtained. 


These Clutches facilitate special] production 
such as automatic machining of a wide 


machining ep ” PP Mi variety of work-pieces. 


These advantages mean much to the user 
Unit unaffected by oil. 


No adjustment required at any time. 


Electromagnetic 4 z . eames Small dimensions at high torques. 


Low energy consumption through efficient 


Multiple Dise | ) 7 “ flux utilization. 


For torque transmission over very wide 
range. 


+ il i C HK S ) q at : Our Electromagnetic Multiple Disc Clutches are 


available in various designs. 


cut non-productive time 
to a minimum 


Siemens-Schuckert 
(Great Britain) 


FARADAY WORKS - GT WEST ROAD - BRENTFORD - MIDDLESEX Ltd 


Telephone: iSLeworth 2311 - Telegrams: Siemensdyn Brentford, Hounslow ~- Telex No. 25337 
Smee s $100 








9 out of I! 
minutes saved ! 





S.P.K. Fixed Centre Geared Multi-head 
fitted to 28in. Vertical Drilling machine 
using fixture fitted to standard S.P.K. 
Indexing Table. 


| tied 


Old time, using single 
spindle drills ....11 mins. 29 secs. 
New time, using S.P.K. 
equipment... .2 mins. 5 secs. 


“— 
+ TPO Op epeye 1 me 


Material—Maartensitic Stainless Steel 
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Can we help you ? 


SLACK & PARR Ltd. 
KEGWORTH, Nr. DERBY 
Telephone: Kegworth 306 
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as others se 


Hard working Hoists hovering overhead. At the turn of a handle, 
the quality and performance of L.D.C. electric motors take over. 
Giving power you take for granted because it’s so reliable, power 
to cope with the heaviest of loads. Power that’s backed by an 
excellent after-sales service, so that you can keep on taking it for 


granted. 








LANCASHIRE DYNAMO & CRYPTO LTD 


TRAFFORD PARK, MANCHESTER 17 
Telephones: TRAfford Park 2161/6. 


ACTON LANE, WILLESDEN, LONDON, N.W.10 
Telephones: ELGar 7744 (9 lines). 


metal 


industries | 
group | 
ot 
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DACTAGLE MIAIERIATS 
ALLY ANU PADI 


lf you want to know more about the G K4N| spark machine write to our U.K. agents 


M. C. LAYTON LTD., ABBEY WHARF, MOUNT PLEASANT, ALPERTON, WEMBLEY, MIDDX * RUDKIN & RILEY LIMITED 
CYPRUS ROAD, AYLESTONE, LEICESTER - ALFRED HERBERT LTD., P.O BOX 18, RED LANE WORKS, COVENTRY 


MANUFACTURED BY WELSH METAL INDUSTRIES LTD., CAERPHILLY, GLAMORGANSHIRE 


ceo OF i; Tae 


sCKH) 


Cra OF \ ear or cone 
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= Holfos Bronze 


SHELLCASTINGS 


—to increase your production 


Ask for our Technical 
Representative to discuss the , 
application of Shelicasting to your Sasbiremestt 8 


John Holroyd & Co. Ltd 
P.0. BOX 24, HOLFOS WORKS, ROCHDALE, LANGS. Tel. 3155 


BRONZE - GEARS - MACHINE TOOLS 
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We 
at a2 
jee Keinteed 


- 


TURQUOISE 


TURQUOISE 
PENCILS 

set a new 
standard 


gee remarkable 


STIFFER THAN SHEET METAL 


for | | test figures 


lead : The new grade of Plymax—STRUCTURAL PLYMAX.. 
| two sheets of 26 s.w.g. aluminium or galvanised steel, 
d bonded to a core of exterior plywood ...a structural sheet 
S reng | of remarkable stiffness that gives dramatic reductions in 
weight with all the surface properties of metal. 

PLYMAX has been scientifically tested and compared for 

, " rigidity, thickness and weight with sheet steel and alum- 

The greatly increased lead Strength of inium; the comparison figures are highly interesting. 

New Turquoise sets a new standard for . | Analysis results, which completely describe this material 
j : J : . F turally > available in condensed, tabular form for 

drawing pencils. New > nenc structurally, are avai : 

a me. Turquoise pencils your files. Send for them now. 

hold a fine needle-point without snap- 

ping; save time by eliminating frequent 

re-sharpening —and money, too, through 

fewer replacements! And this extra lead : | 2% Please send me technical data on 


ee 


strength means perfect ‘originals’ and 
cleaner, sharper reproductions every ST R U Cc T U RA L 
time. Crisper, clearer lines, preciser 
shadings—every detail exactly right with 
no omissions, ghost lines or fade-outs. 


GRADING : 17 precise grades from 9H to 6B 


10D. EACH. 9/2D. PER DOZEN i  _, Ee ee 
TRY TURQUOISE DRAWING LEADS 
AVAILABLE FROM 2B TO 6H 


| ADDRES6. 





VENESTA PLYWOOD LIMITED, Vintry House, t 
Queen Street Place, London, E.C.4. Telephone: CENtral 3040 





EAGLE PENCIL CO - ASHLEY ROAD - TOTTENHAM N.17 F Se ee ee ee ee 
TASSI3 
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9 
: S) Patent Screwing Machines 


Heap’s Universal Screwing 
Machines are a range of 
General Purpose Screwing 
Machines widely used _ in 
general Engineering Work- 
shops and Collieries and in 
the maintenance departments 
of factories etc. where the 
quantities of each class of 
screwing do not warrant the 
installation of the Automatic 
Diehead type of machine. 


+ 


4” UNIVERSAL 
SCREWING MACHINE 


This machine is fitted with 
a Staticnary Tangential 
Diehead and Dies of High 
speed steel can be suppiied 
for almost any type of 
thread. The vice is of the 
self-centring type with 
double jaws for the large 
sizes. Final drive to the 
main spindle is through a 
worm and worm wheel. 
Speed charges are ob- 
tained through ‘‘pick-off’’ 
gears. An automatic pump 
for the cutting lubricant 
can be supplied. 
Capacity: 
Pipes tin. to 4in 
ng See gin. to2 in 








ASH TON-UNDER-LYNE - ENGLAND 





designed and built \. 
this 25-ton crane to | 
meet unusual needs ~ 
and conditions at 


DAVID BROWN 
INDUSTRIES LTD — 


Aabacas engineers offer you 
more than forty-eight years’ 
‘know-how’ in solving handling 


problems. 


Compactly designed 
to fine limits, with 
minimum side hook 
approaches and max- 
imum headroom, it 
was tested to 31 tons 
S.W.L. 


The auxiliary hoist 
for smaller compon- 


Depend on AABACAS to rise to the occasion 


Please contoct: Sales Dept., AABACAS ENGINEERING CO. LTD. 
Head Office and Works: GRANGE RD., BIRKENHEAD Telephone: Birkenhead 6673 


ents has the very 
fast speed of 40 fe. 
per minute. 








29 LUDOGATE HILL a. 4 
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Fibreglass Reinforced Plastics are engineering 
materials of enormous scope. Here is an 
example; a 6000 h.p. English Electric motor with 
end-shields — over 12 feet in diameter — moulded 
in polyester resin reinforced with FIBREGLASS 
FGE 2000 chopped-strand mat. They were made 
by the English Electric Reinforced Plastics 


More and more engineers 


FIBREGLASS LTD 


1961 


ST. HELENS 
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Division. They are not only lighter than 
conventional steel or aluminium’ end-shields 
but, because the material is a good insulator, 
smaller and easier to handle. By using F.R.P., 
therefore, English Electric reduced first cost 
and at the same time simplified future routine 
maintenance. 


are designing for F.R.P. 


LANCS - 


TEL: ST. HELENS 4022 
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DONCASTERS <> 
i778 DD 




















Famous for Forgings 


The Daniel Doncaster companies have works 

in Sheffield, Leeds, Oldham and Blaenavon, S. 
Wales. These works have kept abreast of 
modern forging practice and new equipment is 

still being installed on a considerable scale. 

More important to you is the range of this 
equipment, for by using a combination of 

plant and skills, we can offer a service and 

carry out procedures impracticable to a 

firm possessing a less versatile organisation. | | 


ad | 
‘a 


=, mack 
Ea ze wack 


Tools 


From 72" capacity micrometers 

to centre punches. From 60° squares 
to jewellers’ screwdrivers gives you 
some indication of the range of 
@® products. Perhaps you could 
name most of the range, but did 


' 
' 
J 
i] 
i] 
‘, 
‘, 
4, 
, 
t, 
‘, 
,, 
‘ 
q 
i 
y 


you know that we make 


a 


ye? / 
BORING BAR MICROMETERS a GH AH i} i j P 
DEPTH GAUGE MICROMETERS Se, WY) ‘nt 
MICROMETERS WITH DEEP FRAMES F MU} HHT Wy 
BLADE TYPE MICROMETERS > MAT / Ii}{ 
GEAR TOOTH MICROMETERS 
MICROMETERS FOR PAPER & SOFT MATERIALS 
SURFACE GRINDER MICROMETERS 
MICROMETERS WITH POINTED ANVIL & SPINDLE 
ETC. ETC. ETC 


/ 


These and many more are shown 
in the best guide you could 
possibly have 


PLEASE SEND For OUR 
FREE CATALOGUE NOW 


DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


= ; MONK BRIDGE IRON & STEEL CO. LEEDS 12 
MW) MOORE & WRIGHT (Sheffield) LTD 


MOORSIDE COMPONENTS * OLDHAM 
Handsworth Road. Sheffield 13 DANIEL DONCASTER & SONS (THE BLAENAVON CO. BRANCH) LTD, 
BLAENAVON - MONMOUTHSHIRE 
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® Silicones in Engineering 





THE LATEST FROM (1S) 


This new booklet gives you numerous examples of how MS Silicones are being used in engineering and 
allied industries—case histories, production techniques and a wide range of illustrations from current 
industrial practice where MS Silicones have cut manufacturing and design costs,as well as improving 


operational reliability. 


Send for ‘SILICONES IN ENGINEERING’ MS Silicones offer you 
a unique combination of properties 


—you'll find things in this booklet you'll 

want to know more about 

Write for ‘MS News’ * Resistance to extremes of temperature 
—it contains the latest news about all MS products * Water repellency 

See MS Silicones * Chemical inertness 

—on stand C4 at the Engineering Materials and * Excellent electrical properties 

Design Exhibition * Adhesion resistance 


(MS)MIDLAND SILICONES LTD : 


(Associated with Albright & Wilson Lid. and Dow Corning Corporation) 


first in British Silicones 68 Knightsbridge, London, SW1 Telephone Knightsbridge 7801 
Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 





Please send me: 

1, a copy of ‘Silicones in Engineering’ 
2. acopy of the latest ‘MS News’ 

(and put me on the mailing list) 


Company 
Address 
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SPENCERS 
ENGINEERING 
STEEL 


HIGH CARBON 
STEEL WIRE 


MILD 
STEEL WIRE 


BRIGHT 
od of Oe 


Bright drawn or centreless ground in Mild Steel, 
Commercial or Free-cutting quality and to a wide 
range of E.N. and other specifications. 


sone 


SPENCER WIRE - WAKEFIELD 


Telephone WAKEFIELD 6111 


HEXAGONAL FLAT 


DaW 1161 ED 








Double Bond is an Epoxy based, self-setting structural plastic 
with exceptionally powerful adhesion to practically any 
material and unique control of flexibility. Because there are 
no volatiles, there is negligible shrinkage and it is highly 
chemically resistant. Double Bond can be used for permanent 
bonding, filling, moulding and for the fabrication of actual 
parts. There are two grades — putty or cream. Both set like 
lead, machine like brass and can be used as a cold solder. 


| STRUCTURAL PLASTIC 

Double Bond, one of the Hermetite 
range of jointing and filling com- 
pounds, is made by The Kenilworth 
Manufacturing Company Limited, 
pioneers and specialists in this field. 














Stocked by leading Engineers’ Merchants and 
stockholders of Formica, etc. 


For technical advice and trial pack (7/6) contact Kenilworth. 


The Kenilworth Mfg. Co. Ltd., Hermetite Works, West Drayton, Middlesex 
Telephone: West Drayton 373! 
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SPECIALISTS IN PLATING TO SPECIFICATION 


IONIC PLATING CO. LTD., GROVE STREET, BIRMINGHAM, 1/8 
Telephone : SMETHWICK 2951 (8 lines) 


THE METAL FINISHING DIVISION OF THE G.K.N. GROUP OF COMPANIES 
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WHEELS & CASTORS 
FOR INDUSTRY 


Ere ; 
PING! _ 


Recognising the marked trend to- 
wards integrated unit construction for 
compact ‘“‘packaged’’ equipment, Mono 
Pumps Limited has been experimenting 





for the past five years, with various 
pumping principles allied to the Mono 
Pump, to develop the Company's serv- p Details & 

ice to Industry. Quotations on 


Request 
A fundamental principle has now 


been chosen as offering the greatest Flange moun 
scope for adaptation to project plan- 
ning of this type. Marketed as the 
Menrow Pump, its capacity is high in 





relation to its size. A 100 g.p.h. pump 


can be as small as 4 inches by 3 inches 


diameter. It will operate efficiently at Back mounted 


any angle of mounting. The type of 


Manufacturers 
mounting can be specially designed to | ‘ for 35 year. 
meet any bulk requirement. The flow ‘ Y 
can be reversible, in one direction with 
fixed rotation, or in one direction irre- r 





spective of pump rotation Any flow arrangement 
Thoroughly field tested, it is al- 
ready in use in various forms on oil 


bernern, steam generators, dices! on- | LARGE STOCKS ALWAYS 


gines, machine tools, refrigerating 


machinery and as a 24-volt battery- IN HAND 


operated unit on oil tanker vehicles. 
t ENSURE PROMPT DESPATCH 


@ HANDLES NON-ABRASIVE FLUIDS : 
© seamen eqnen Gear or Belt driven | WHEELS 

Rubber Tyred Roller Bearing - Rubber Tyred Plain 
Bearing - Rubber Tyred Heavy Duty - Cast Iron 
©. semen => We to. 00 Roller Bearing + Cast Iron Plain Bearing - Cast 


@ MOUNTING TO ANY SPECIAL Iron Heavy Duty - Solid Rubber - Single Flanged 
— Double Flanged 


CASTORS 


Medium Duty + Heavy Duty - Twin Wheel - Pres- 
sed Steel - All with various types of fittings. 





@ SUCTION LIFT 25 FEET 
@ CAPACITY RANGE 355 g.p.h. TO 5000 gph. 


Write for Publication 
_— Send for ILLUSTRATED CATALOGUE 


a ae H.M.CWHEELS, LID 


MONO PUMPS LIMITED 
Mono House, Sekforde St. 


Woh Ghacheneaie ante | 75 HIGH STREET, HORNSEY, N.8. 


MP 340/1343 | Telephone : MO Untview 7666 
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Specialists 

Tam ccileniare) 

alloy steels 
elaremalelarai-iaeelers 
metals 


Specialists 
Tam cireniare 
ss alloy steels 
CY, elalemalelaraislaaelers 
a | meta | JENKINS 


of Rotherham 
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“Done already, Dick?” 


“Yes ... wiring doesn’t take long with 
Kopex, you know. Ever seen it? Look. It’s 
pliable. Just cut it, bend it and fix it. 
Marvellous.” 

Kopex Pliable Electrical Conduit. A signifi- 
cant advance in electrical wiring installations. 
Easily bent by hand, remains rigid after 
bending and can be shaped to any radius 
without distorting the bore. P.V.C. covered 
for protection against oil, corrosion and suds. 
Ideal for wiring machine tools and special 
purpose machinery in factories and chemical 
plants, etc. 

Kopex couplings are made in a variety of 
metals, and can be used with any standard 
electrical fittings, to make a rigid, permanent 
joint. 

Full technical information and prices on 
request. 





CUT WITH A KNIFE 


P.V.C. covered 


PLIABLE ELECTRICAL CONDUIT 


(also available without P.V.C. covering) 


UNI-TUBES LIMITED 

Head Office: 197 Knightsbridge, London, S.W.” 
Tel: KNightsbridge 7811/5 

Works: Alpha Street, Slough, Bucks. 

Tel: SLough 25476/8 


A member of SMITHS Group of Companies 


























.. INVOLVING 
AIR CONTROL EQUIPMENT ? 


In most applications of compressed air 
equipment problems and queries arise 
regarding the selection, operation and 
application of the various items com- 
prising the installation. This is where 
the Midland Pneumatic Technical 
Service can prove so helpful. The 
services of our technical engineers, who 
have specialised in the design and use 
of compressed air equipment for many 
years, are available toall customers. If 
required diagramatic layout drawings 
will be prepared. Remembcr Midland 
Pneumatic make a complete range of 
pneumatic cylinders, valves and air line 
fittings. Literature on request. 





PNEUMATIC LTD 


NEW CROSS: WOLVERHAMPTON 











FOR THE BEST IN 
AIR CONTROL EQUIPMENT 
Telephone : 32501/2 
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AEI can supply 
the right resistors 


Whether you require a resistor with a rating of a few watts or the 
most rugged heavy-duty unit, AEI can supply the right resistor 
for the job. Their range includes general service, severe duty and 


extra-heavy-current types. 
Write for further information and technical data to: 
Associated Electrical Industries Limited 


Motor and Control Gear Division 


RUGBY AND MANCHESTER, ENGLAND AS489 
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INSIST ON 
GENUINE 


F-B-C 
SPARES 


Deep-groove ball-bearings, also 
available pre-lubricated and sealed; 
angular contact bearings, parallel- 
roller bearings, Flangette units and 
Fafnir pillow blocks, with sealed 
pre-lubricated self-aligning bearings 

REGD. with self-locking collars; also bearings 
ree rare: Of the same type with either spherical 
or parallel outer races. 





BALL AND PARALLEL-ROLLER BEARINGS 





FAFNIR BEARING COMPANY LTD., WOLVERHAMPTON. Telephone: Wolverhampton 26101-10 





STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc: 


HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


Regd. Office and Works: 
BROADFIELD RD., SHEFFIELD 8. 
Telephones: 52431 /4 
Office and Works Entrance: 
AIZLEWOOD RD., SHEFFIELD 8. 


Foundry: Aizlewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheffield 


London Office: Central House, 
Upper Woburn Place, W.C.1. 
(EUSton 4086) 


Glasgow Office: 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Solve 
Your Control 
Problems with 


HYDRAULIC & 
PNEUMATIC 
EQUIPMENT 


H.P. Equipment provides 
precisecontroloverthemost 
complicated operations — 
simply, speedily and econ- 
omically.Wide range and 
choice of both Hydraulic 
& Pneumatic equipment 
enables you to plan exactly 
the most efficient system for 
your particular application. 
You are invited to call on 
the services of our special- 
ised team of Control Engin- 
eers at any time. 


HYDRAULICS & PNEUMATICS 
LIMITED 
WULFRUNA WORKS, VILLIERS ST., WOLVERHAMPTON 
TEL: WOLVERHAMPTON 24456 


eT TE BGS GNM cn ES 


ED/7529. 
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Many are the end uses for Chesterfield seam- 
less steel gas cylinders; more than 10,000,000 
| manufactured to date, pierced and drawn 
| 1. 60 the. Seamless Steel CO2 Cylinders, pert of from solid billets of steel. Cold drawn seam- 
a ~ 9 
py Bi hg ide pcg ee pr let a less steel Chesterfield cylinders are produced 
locomotives. (With acknowledgements to to conform to the specifications and regula- 
‘English Electric’, The Pyrene Company Ltd. “ : 
and British Railways). tions ruling in all countries, and are as per- 
fect as our modern plant and manufacturing 
“*know-how"’ can make them. 


chesterfield tubes 


THE CHESTERFIELD TUBE COMPANY LIMITED, CHESTERFIELD, ENGLAND : A MEMBER OF THE () GROUP 
crc 85 


2. Seamless Stee! High Duty Accumulator 
Cylinders for ‘‘Peco"’ pressure die-casting 
machines. (With acknowledgements to the 
Projectile Engineering Company Ltd.) 





B PLAIN RECTANGULAR AND SPECIAL 


SECTIONS FROM 96° OUTSIDE DIA. , 


TO 104” INSIDE DIA 


Leaflet giving full details 
of manufacturing capacity 


feel itare| available on request 
steel rings 


heme et: talolels mer Late) 
alloy steels 


JOHN BAKER & BESSEMER LTD 


REGISTERED OFFICE: KILNHURST STEELWORKS 
GPO BOX No. 3 ROTHERHAM YORKSHIRE 
Tel: Mexborough 2154/7 & 3793 Grams ‘Tyres’ Mexberough 
London ice LOCOMOTIVE HOUSE BUCKINGHAM GATE Swi ‘ 
Mies Tel: Victoria $278/9 P5902 
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HEAT EXCHANGE EQUIPMENT 
DESIGNED TO MEET THE REQUIREMENTS 
AND STANDARDS 

OF THE MODERN ENGINEER 


Serck design and manufacture a wide range of Heat 
Exchange equipment for use in every industry and 
for every type of application. A first class 
Technical Advisory Service supports the products 
of Serck, into which have been embodied the 
extensive research and cumulative practical 


experience of 40 years and more. 


WATERWORKS 
GENERATING PLANT 


The illustration shows 
the Serck Coolers fitted 
to the Crossley-Laurence 
Scott 635 KVA alternator 
sets recently installed in 
the main pumping 
stations at the Southern 
and South Essex 


Waterworks Companies. 


SERCK RADIATORS LIMITED BIRMINGHAM 11 


Telephone: VICtoria 4353 Telegrams: “* Serckrad”™ 
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CASTINGS 
. HOLCROFTS 


Founders in High Tensile Brasses, Gunmetal, 
Phosphor Bronze, Brass and Aluminium. 
Specialists in machine moulded repetition 
castings for the light engineering and 


electrical trades. 


Contractors to ail Government 
Departments, British Transport 
Commission and British Elec- 


tricity Authority. 


“@® THOMAS HOLCROFT 
AND SONS LIMITED 
Telephone: Bilston 41271/2 


ETTINGSHALL FOUNDRY, 
WOLVERHAMPTON. 





% 
o 
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SUE 
dered 


Take no chances about your supplies of Rolled Thread Screws— 
specify ORMOND and so make sure of both quality and quantity 
—delivered right on time and straight from our extensive stocks. 
For your individual requirements, we will gladly submit special 
quotations. Send for lists, which in addition to detailing Brass, 
Steel and Light Alloy Screws in Rolled and Cut Threads, also 
feature Grub-screws, Nuts, All-threads, 
Hexagon Bolts and Set screws turned 
from bar and Cold Headed Grades ‘‘A’’, 


— 
“B”’ and High Tensile. The repetition OR (OINID)* 


parts range covers single and multi- OS 
spindle automatics up to 1}” diameter. 














THE ORMOND ENGINEERING CO. LTD. 


Ormond House, Rosebery Avenue, London, E.C.1 
Telephone: TERminus 2888 Telegrams: ‘“‘Ormondengi, Cent’’ 





THE ENGINEERS’ DIGEST 





Salter Springs will give you continuous, 
trouble-free performance. Their reliability is 
founded on craftsmanship and quality control 
backed by 200 years of experience. 


Cheaper springs could fail, causing costly 
breakdowns in your production and loss of 
income to your company. 


Salter will devise, advise and experiment in order 
to produce the perfect spring for the job, whatever 
the problem, the purpose, the size or the shape. 


Salter springs are tested and retested to the 
highest possible standards of accuracy and 
endurance — you can stake your reputation on 
Salter reliability. 








CENTURIES’ EXPERIENCE WITH TOMORROW IN 














GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Established 1760. 
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The ‘BRADFORD?’ Power Cylinder 
More power to your elbow 

with Bradford air or 

hydraulic power cylinders 


Bradford Air Cylinders. 
In standard sizes from 2” to 20’ bore, 
with hand or remote control. 


All-Steel Hydraulic Cylinders. 
Standard sizes from 14” to 12” honed 
bores, to work at pressures from 200 Ibs. 
to 1,500 Ibs. per sq. in. with hydraulic 
fluid, oil or water. Supplied as required, 
with bracket, clevis, trunnion or end 
cover mountings. 

Bradford Air or Hydraulic Cylinders can 
also be made to customers’ specifications 
with any length of stroke. 


UNITED STATES METALLIC PACKING CO. LTD. 
SOHO WORKS, BRADFORD 8, YORKSHIRE 


Telegrams: ‘‘Metallic,’’ Bradford. Telephone 41284-5. 


Branch Offices : London, Liverpool, Glasgow, Manchester, 
Newcastle, Cardiff, Southampton, Hull, Swansea and Bristol. 





If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components Crartenacvitsen 
can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLASTON - STAFFS 
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HIGH DUTY CASTINGS 


for 


C. & B. SMITH LTD. 


lronfounders WOLVERHAMPTON 


= aa 
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F of its ‘extreme hardness 
and resistance to abrasion... 


. because it Is 
highly resistant to both 


mechanical and thermal shock... ¥ 


o8 Sense it is an excellent 
electrical — 
and non-magnetic . 


° P because it is 
dimensionally stable : 
at high working temperatures . . J 


. «» because It resists 
the action of most chemicals \s 
and corrosive a : 


“Regalox’’ is precision made (in large or 
small quantities designed to meet your specific 
requirements). 

“Pegalox’’ is used for a wide variety of 
Electrical, Mechanical, Chemical and Engin 
eering applications and because of {tg unique 
characteristics successfully and efficiently 
performs many jobs no other material can 
accomplish. 

“Regalox’’ will serve you better than any other 
material if you have a need for a non-metallic 
material that must be hard, strong and smooth, 
requiring exceptional resistance to extreme 
temperatures, corrosion and abrasion, yet 
capable of being produced economically to 
close tolerances. 


“Regalox”"’ Technical Development Advisory 
Service is freely available for advice on how 
Regalox can be applied to your product or 
production and maintenance problems. A rapid 
service is provided from the range of standard 
stocks (normal as fired-finish or diamond 
ground or polished) and quotations are given, 
without obligation. 


a high grade sintered alumina ceramic ui emecase 


ROYAL WORCESTER 


INDUSTRIAL CERAMICS LTD. 
DEPT, R.7 TONYREFAIL, GLAMORGAN, OR TELEPHONE TONYREFAIL 435/436 ¢ 


SEE US AT THE EAGINEERIAG MATERIALS & DESIGN EXHIBITION 
EARLS COURT NOVEMBER 13th-I18th STAND No. F.26 





COUPLING 


World famous for @utstanding per- 


formance and reliability. Made ina 
wide range of types, all employing the 
same basic principle of Bibby design. 


Special types include: Brakewheel, Cardan 
Shaft, Turbine, Shear pin, Controlled 
Torque, Spacer and others. 


WELLMAN BIBBY COMPANY LIMITED, PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 
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SANDERSON'S 


STEELS 





High 
Speed 
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Publications giving details of the full range, analysis, 
heat treatment etc. of Sanderson's high grade steels, are 
readily available on request. 

Our services are also freely at the disposal of 
customers who require advice on the selection and 
manipulation of steels. 


























Write to Attercliffe 
Steelworks, 


SANDERSON BROTHERS AND NEWBOULD LIMITED § °°. %+- 


Newhall 
Makers of Tool Steels, Saws for Wood and Metal, Machine Knives Road, 


Heliocentric Speed Reducing Gears, Engineers Cutting Tools Sheffield 9 
Est. 1776 
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Vertical 
or horizontal, 
streamlined 

or 
functional 


This new Holroyd 24” centres motorised 
worm gear speed reducer has been 
designed to meet the need for a self- 
contained drive suitable for continuous 
use, and one which will look right in any 
surroundings. No matter what the appli- 
cation, it is possible to select from its 
variety of assemblies and mounting 
positions, an arrangement which makes 
it appear an integral part of the sur- 
rounding machinery, and not an added 
afterthought. 

The Verso has all the famous features 
of Holroyd reliability and high efficiency. 
Centrifugally cast Holfos wormwheel; 
casehardened and profile ground alloy 
steel worm; ball bearings throughout; 
rigid cast iron casing and oil bath 
lubrication requiring no attention over 
long periods. Output speeds are from 
14 to 300 rpm. Output torques up to 
750 Ib. ins. Standard motors from é¢ up 
to 2 hp. Please write for catalogue V. 60 
which gives further technical information 
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7o Petroleum, 0// and 
Chemical Plant Engineers 


The furnace cost 


that matters is 
FINAL cost 


When Specifying Furnaces 
- - + Watch these points: - 


* METAL TEMPERATURE 
Maximum metal temperatures are lower in Petrochem than 
in any other furnace, for an equal average radiant rate, 
because of the patented cone. 
RISK OF EXPENSIVE RE-BRICKING 
Petrochem walls are self-supporting. No intermediate 
supports create expansion problems. Only the finest refrac- 
tories are used. 
COMBUSTION SPACE DESIGN 
Petrochem burner layouts give symmetrical flame patterns 
that will not impinge on vital parts. 
FLUID VELOCITIES 
In Petrochem Furnaces correct fluid velocities and distribu- 
tion are maintained—essential to avoid overheating of the 
fluid film 
FURNACE DESIGN IN RELATION TO PLANT 
Petrochem Furnaces are designed to fit in with individual plan 
layouts. Problems of piping connections and the thrust 
imposed on them can seriously affect overall plant cost. 
TYPE FOR THE JOB 
Petrochem Furnaces are made in types for any service, 
capacity or duty. . . or designed for special requirements. 
THERMAL PERFORMANCE IS ALWAYS GUAR- 
ANTEED. 


to be SURE ... specify 


PETROCHEM-ISOFLOW FURNACES 
. . . designed with the experience of over 2,500 successful 
installations. 
Engineered and Manufactured by BIRWELCO Ltd., in Great Britain and other parts of the world, under licence 
from the Petrochem Division of Yuba Consolidated Industries Inc., U.S.A. 


BIRWELCO CHESTER STREET, ASTON, BIRMINGHAM, 6 
LTD. Tel.: EASt 1171 (5 lines) Telegrams Birwelco, B’ham 


London Office: GKN House, 22 Kingsway, W.C.2. Telephone: CHAncery 1616 
Telex Nos.: Birmingham 33/345, London 24/278, BIRWELCO 


Overseas Associates: AUSTRALIA: John Lysaght (Australia) Pty Ltd., P.O. Newcastle 2N. N.S.W. Australia 
GERMANY: Petrochem G.m.b.h., Diisseldorf, Tiergartenstrasse 45 


THE,ENGINEERS’ DIGEST 





Kayser, Ellison, & Co. Led 

Keelavite Hydraulics Ltd 
Agency—Cogent Advertising Service Ltd. 

Kendall & Gent Ltd. 
Agency—Associated British Machine Tool 

Mokers Ltd. 

Kenilworth Mfg. Co. Ltd. 130 & 140 
Agency—Crossley & Co. Ltd 

Kenyon, William & Sons 17 
(Power Transmission) Ltd. 
Agency—Bayard Publicity Ltd 


Lancashire Dynamo & Crypto Ltd. 
Agency—Technical Designs Ltd. 
Lancers Machinery Ltd. 
Agency—A.T.A. Advertising Ltd. 
Lang Pneumatic Ltd. 
Agency—J. Peers and Associates Ltd. 
Laycock Engineering Ltd. 
Agency—Centra! News Ltd. 
Ley’s Malleable Castings Co. Ltd 
Agency—H. Raymond = 
Livet < 
Lodge Plugs Ltd. 
Agency—Elliott Advertising Ltd. 
London Shafting & Pulley Co. Ltd. 
Agency—Nige! Rainbow & Partners Ltd. 
Long Meadow Feit Co. Ltd 
Agency—Severn Publicity Ltd. 
Low Moor Alloy Steelworks Ltd 
Agency—Powney Parker Publicity Services Ltd 


Mercedes-Benz 37 
Agency—Heumann Werbegeselischaft G.m.b.H 
Mercer, Thos. (Air Gauges), Ltd. 
Agency—Nige! Rainbow & Partners Ltd 
Metal Sections Ltd. 19 
Agency—Sandbrook, Metcalf & Co. Ltd 
Metalock (Britain) Ltd. Cover 2 
Microtecnica — 
Midgley & Sutcliffe Led. 42 
Agency—Monarch Adv. Co. Ltd. 
Midland Industries Ltd. — 
Agency—A. A. Black Ltd. 
Midland Pneumatic Ltd. 144 
Agency—Sterling Advertising Ltd. 
Midland Silicones Led 
Agency—Roles & Parker Ltd. 
Mill Societa Generale delle Macchine —_ 
Mirrlees, Bickerton & Day Ltd. —_ 
Agency—Rowlinson-Broughton Ltd. 
Mobil Oil Co. Led. 
Agencv—Masius & Fergusson Ltd. 
Monks & Crane Ltd. 
Agency—Sandbrook, Metcalf & Co. Ltd 
Meno Pumps Led. 
Agency—Ripley, Preston & Co. Ltd. 
Moore & Wright (Sheffield) Ltd. 
Morgan Crucible Co. Ltd., The 
Mountford, Fdk., Led. 
Agency—S. D. Toon & Heath Ltd 


35, 96 & 139 


Neill, James, & Co. (Sheffield) Led 
Agency—j. K. Ciayton Adv. Agency Ltd. 
Newall Group Sales Led. 
ency—j. Peers and Associates Ltd 
Nitralloy Led. 
Agen-y—Stanley D. Dickson 
North British Locomotive Co. Ltd. 
Agency—Scottish Industrial Advertising 


Officine oe Fratelli Camurri di Nemesio- 
Rolo (R we =e 

Ormond on Reiter ee ‘Co. Ltd. 150 
Agency—j. Manser Atkins & Co. Ltd. 

Osborn, Samuel, & Co. Led. 64 


P.R. Motors Led... 
Agency—A. A Black Ltd. 


NOVEMBER, 1961 


Index (continued) 


Parkinson Cowan Measurements 
Agency—Roles & Parker Ltd. 

Pergamon Press Ltd. 

Perkins Gas Turbines Ltd. 
Agency—Crane Adv. Ltd 

Pickering, R. Y., & Co. Ltd. 
Agency—Barbour MacLaren Advertising Ltd 

Pitman, Sir Isaac, & Sons Ltd. 

Pollard Bearings Ltd. 
Agency—Hedley, Byrne & Co. Ltd. 

Polypenco Ltd. 
Agency—Anthony Handley Adv. Ltd. 

Precision Gear Machines & Tools Ltd 
Agency—Apex Adv. Ltd. 

Pyrene Co. Ltd., The 
Agency—Nelson Adv. Service Ltd 


Ransome & Marles Bearing Co. Ltd. 
Agency—Ruddocks Advertising Agency 
Renold Chains Ltd. 
Reynolds Tube Co. Ltd. 
Agency—Ripley, Preston & Co. Ltd 
Richards, Charles, & Sons Ltd. 
Agency—tLongleys & Hoffmann Ltd. 
Richardsons Westgarth (Hartlepool) Ltd 
Agency—Notley Advertising Ltd. 
Rockweld Ltd. 
Agency—jJohn Mitchel! & Partners Ltd 
Rockwell Machine Tool Co. Ltd. 
Agency—John Mitchel! & Partners Ltd 
Rocol Led 
Agency—Nevin D. Hirst (Advertising) Ltd 
Rovetta Baldo 
Royal Worcester Industrial Ceramics Ltd. 
Agency—Nevin D. Hirst (Advertising) Ltd 
Royce Electric Furnaces Ltd 
Agency—Nige! Rainbow & Partners 
Ryder, Thos., & Son Led. 
Agency—W. S. Crawford Ltd. 


S.A.1.M.P. 

Salter, Geo., & Co. Ltd. 
Agency—Severn Publicity Ltd. 

Sanderson, Bros., & Newbould Ltd 

Sandvik Swedish Steels Led. 
Agency—tongleys & Hoffmann Ltd 

Saturn Industrial Gases Led. 
Agency—Crossley & Co. Ltd 

Saunders-Roe Ltd. 
Agency—Stanley D. Dickson 

Self-Changing Gears Ltd 

Serck Radiators Ltd. 
Agency—tLongleys & Hoffmann Ltd 

Sheffield Twist Drill & Steel Co. Led 

Siemens—Schuckert (Great Britain) Led 
Agency—Smee's Advertising Ltd 

Slack & Parr Ltd. 
Agency—Rex Publicity Ltd. 

Sleeper C.E. Led _ 
Agency—Dryden Allen Ltd. 

Slip Products & Engineering Co. Led 13 
Agency—Mark Fawdry Ltd 

Smith, C. & B., Led. 153 
Agency—).T.L. Advertising 

Smith, S., & Sons (England) Ltd. 11 
Agency—Masius & Fergusson Ltd. 

Smith's Industrial Instruments Led. _ 
Agency—Allardvce Palmer Ltd. 

Socketex Ltd. 48 
Agency—Shaw & Underwood (Advertising Services) 
Ltd. 


Solex (Gauges) Ltd. — 
Agency—David td Adv. Ltd 

Spencer Wire Co. ‘ ‘ 140 
Agency—Divers havering 

Steel, J. M., & Co. , 
Agency—Reynel! k ee Ltd 

Sterling Metals Ltd. 49 
Agency—T. G. Scott & Son Ltd. 

Stone, J., & Co. (Chariton) Led.. — 
Agency—Holman Adv. Ltd. 

Stone-Wallwork Ltd. 67 
Agency—Holman Advertising Ltd. 

Stubs, Peter, Ltd. 
Agency—Rowlinson-Broughton Ltd. 

Super Oil Seals & Gaskets Led. 
Agency—A. A. Black Ltd. 


14 & 130 


Volume 22, No. 11 


Sykes, W. E., 
Agency—W. . Reached Ltd. 


Teddington Aircraft Controls Ltd 
Agency—Stanley D. Dickson 
Tempered Spring Co. Ltd 
Agency—Stowe & Bowden Ltd. 
Terrapin Led. 
Agency—john Carr & Associates Ltd 
Terry, Herbert & Sons Ltd. 
Agency—john Haddon & Co. Ltd 
Thorp, Thomas, & Co. Ltd 
Agency—J. Peers & Assoc. Ltd 
Titanium Metal and Alloys Ltd 
Agency—Alfred Bates & Son. Ltd 
Torrington Co. Ltd., The 
Agency—Osborne Peacock Co. Ltd. 
Tufnol Led. 
Agency—Crossley & Co. Ltd 
Turner Bros., Asbestos Co. Ltd 
Agency—Crane-Wood Ltd 


Unbrako Socket Screw Co. Ltd 
Agency—Nicholls, Dorrity Adv. Ltd. 
Unifinance (U.K.) Led. 
Agency—Service Advertising Co. Ltd 
United States Metallic Packing Co. Ltd. 
Agency—W>»m. Furness Ltd. 
Uni-Tubes Ltd 
Agency—Fredk. Aldridge Ltd. 


Varatio-Strateline Gears Ltd 
Agency—Thomas G. Birtles Ltd. 

Varley, F.M.C., Led. _ 
Agency—]. Peers & Associates Ltd. 

Venesta Plywood Ltd 135 
Agency—Taylor Advertising Ltd 

Vickers wees : carne Led. 
Agency—T.G.A 

Vokes Ltd. 
Agency—Trowbridge, Pritchard & Co. Ltd 


Cover 4 


Walker, Crossweller & Co. Ltd. 126 
Agency—Beardmore Advertising Ltd 

Walpamur Co. Ltd., The 63 
Agency—Osborne-Peacock Co. Ltd 

Ward, H. W., & Co. Led 
Agency—Associated British Machine Too! Mokers 


Ltd 
Ward (Metal Details) Led. 152 

Agency—Beardmore Advertising Ltd 
Weir, G. & J., Ltd. 

Agency—Scottish Industria! Advertising 
Wellman Bibby Co. Ltd., The 
Wellworthy Led. 

Agency Riggs Advertising Ltd. 

Welsh Metal Industries Ltd. 

Agency—Notley Advertising Ltd 
Westool Ltd. 

Agency—Tibbenham Ltd. 

Wharton Crane & Hoist Co. Ltd. 

Agency—Henry Pybus Ltd. 

White S.S. Dental Mfg. Co. (G.B.) Led 
Whitehouse Industries Ltd 

Agency—Hedley Byrne & Co. Ltd 
Witd-Barfield Electric Furnaces Ltd. 

Agency—Crane Publicity Ltd. 
Wolverhampton Diecasting Co. Ltd., The 

Agenacy—Sterling Advertising Ltd 
Wragby Plastics Led 

Agency—Wilsmore & Tibbenham Ltc 


Young, Joseph & Sons Ltd. 
Agency—Macdonaid Adv. Ltd. 





REALLY 
STANDS OUT 


(There are 273 feet of it)¥ 


deentthiautpus 


Add a hundred feet or so to Nelson's 
Column and you have the height of 
the famous Morgans chimney at 
Battersea. Surprising what a little 
investigation can bring to light. Take 
what is produced at the foot of the 
chimney—take MORGANITE carbon. 
Carbon in ships, carbon in trains, 
carbon in motor cars, carbon in air- 
craft; carbon in electrical generation; 
carbon in current collection; carbon 
in washing machines and vacuum 
cleaners; carbon in_ telephones, 
pumps, radios and refrigerators; 
atomic carbon, mechanical carbon, 
electrical carbon—always carbon is 
somewhere at work. In the last fifty 
years, we have put carbon on the 
map. We have adapted it to the needs 
of so many industries that now our 
MORGANITE carbon products are 
known throughout the world. Their 
quality, reliability and consistency 
are outstanding. 


bd Morganite Carbon Limited 


A Member of The Morgan Crucible Group 


Battersea Church Road, London, S.W.11 
Battersea 8822 





torque 


ACCURACY GUARANTEED AUTOMATICALLY 


No more failures caused by overloading, either initially 
or during service, when you torque load with 
ACRATORK. This means reduced costs through lower 
rejection rates, less wastage of materials and time 
ACRATORK spanners are unaffected by side loads and 
remain accurate for long periods without adjustment 


Seventeen models provide for all loads up to 1,000 Ib fr 


PRECISION TORQUE ENG CORY BROTHERS & co LTD 


Corys’ Buildings, Cardiff. Telephone: Cardiff 31141 


A range of test rigs to cover 
loads up to 1,100 Ib/fr 


World Distributors for: THE ACRATORK ENGINEERING COMPANY LTD, mokers of precision torque loading equipment 
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COMPRESSORS 





for all industrial applications— 
air or gases 


Combining the known advantages of the 
horizontally opposed design with Alley's long 
experience of high-class compressor manu- 
facture, the Alley balanced opposed unit is an 
attractive proposition wherever compressed 
air is required 


Two, four and six-Crank units avail- 
able up to 1,250 B.H.P 


It is completely self-contained and totally 
enclosed ; intercooler, oilcooler and motor are 
compactly built on. Being vibration-free it 
can be installed on minimum foundation, 
simply bolted down and is then ready to run. 


ALLEY COMPRESSORS LTD. 


149 NEWLANDS ROAD, GLASGOW, S.4 
Phone: MERylee 7141 Grams: ‘‘Giweir Glasgow Telex’’ 


A member of the | weir | Group of Companies 








A diamo 


is for 


ARDNESS 


The pyramid diamond indenter makes its mark; its ‘diamond’ impression 
is accurately measured to knife edges in the micrometer ocular. 

With the vVICKERS PYRAMID HARDNESS TESTER all classes of work—finished 
components, thin sheets, the hardest of heat-treated steels and alloys— 
can be conveniently tested at the place of production with laboratory 
accuracy. And readings of course are given in the internationally 
recognised Vickers Pyramid Numerals VPN—world standard of hardness 
determination. 








VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 13 CITY ROAD LONDON ECI 
Tel MET 8877 ‘Grams VICKSBOX AVE LONDON 


TGA CH978 
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